Abstract

The passive margin of eastern North America contains reverse faults and folds in early Meso-

e o eat ke i Reconstruction of the States of Stress since Rifting in the Mesozoic using Fault-Slip
B o s g Data from Crystalline Bedrock 1in Eastern Connecticut

found in crystalline bedrock east of the Hartford Basin in Connecticut.
We collected 1,060 fault-slip data from various Paleozoic accreted terranes and the Early Juras-
sic Higganum Dike. Because the dataset is large and heterogeneous, we first processed it using : 1
stre.ss. orientations bas?d on the trend of the .Hl.gganum lee n o?der. to 1sqlate faults r.epresentatlve S mlth , ‘\/I ark R ) and Cre Sp]. ‘ J e an ‘\/I ;
of rifting. Paleostress inversion of the remaining faults in combination with age relations observed
in the field identifies three additional phases of deformation. Phase 1 consists primarily of normal y . a ’ =
faults striking in a variety of directions but mainly ~NE-SW and displays a subvertical 01l. Faults Center fOI' Inte gratlve GQOSClenCQS 9 UHlVGI’Slty Of COHHGCthUt
in phase 2 have a variety of orientations but are dominated by a conjugate set of ~N-S and ~E-W-
striking strike-slip faults and displays a NW-SE ol1. Phase 3 consists of a conjugate set of ~NNW-SE . i :

Paleostress Analysis of Paleozoic Accreted Terranes
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~NE-SW and ~WNW-ESE-striking strike-slip faults and displays an ENE-WSW o1.

Phase 1 stress orientations indicate flattening strain in the basement during rifting. Phase 2
faults may have developed synchronously with structural inversion of the rift basins. Phase 3 faults
are consistent with widespread observations for N-S compression in the region. Phase 4 stress ori-
entations are parallel to the present-day state of stress. In total, our stress inversions for eastern
Connecticut 1identify four tectonic phases and are consistent with other studies in eastern North
America of the post-Paleozoic states of stress.
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Discussion
Phase 1 Main-stage Rifting

Simplified sketches showing Withjack et al.'s (2012) hypothesized tectonic evolution of eastern North America and northwestern Africa.

a) Supercontinental assembly was complete by the Permian.
b) In the Late Triassic, eastern North America underwent NW-SE extension. Subsidence led to the formation and sedimentation of half-graben basins.

¢) In the latest Triassic to earliest Jurassic, the southern basins stopped subsiding while rifting continued in the north. Paleostress inversion of heterogeneous faUIt-Shp data can be difficult if mlﬂtlple tectonic phases are present

and paleostress axes of the phases do not differ significantly in orientation. We generated artificial fault-slip
data representative of the principal stresses during rifting and post-rift inversion (A). Paleostress inversion
of these artificial data results in the misclassification of faults: in the example shown, 77 faults from post-
Late Triassic Slow rift basin W, Nw-sE | |latest Triassic/earliest Jurassic rift inversion (B) were included in rifting (C). To avoid this problem, we first processed our data using stress
North America S“ A em(‘éon North America Q; “ orientations based on the trend of the Higganum Dike (01 = 207, 89: 63 = 297, 01). This isolated the faults

/ / /\/ Acceerated subsidence / | representative of rifting and allowed us to continue the remainder of the inversion using default settings
@ /Iberia

Explanation modified from (Withjack et al., 1998, Schlische 2000 and Withjack et al., 2012).
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To the left is a fault plane from
Lisbon, CT with two sets of
striae. Strike-slip striae (red)
dominate the fault plane while
dip-slip striae are depressed in a
cavity (blue). Strike-slip motion
falls into phase 2 and would have
post-dated dip-slip motion which
falls into phase 1. This observa-
tion is one of 6 observations
which suggest phase 2 is younger
than phase 1. Similar observa-
tions suggest that phases 1, 2
and 3 are older than phase 4 and
that phase 1 is older than phase
3.
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16 Total Stations
14 from Various Paleozoic Accreted Terranes
2 from the Early Mesozoic Higganum Dike (/1)

In the earliest Jurassic, the southern region experienced NW-SE shortening. This resulted in the development of reverse faults and folds, and basin invesion.
CAMP igneous activity occurred in the latest Triassic to earliest Jurassic.
d1) Seafloor spreading may have started shortly after the cessation of rifting in the south.

OR

d2) Rifting in the south may have become focused in the offshore basins and seafloor spreading may have started later.
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Explanation modified from (Withjack et al., 1998, Schlische 2000 and Withjack et al., 2012).
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Tectonic Model for Central Eastern North America
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Recently exposed large and sinuous outcrops in eastern Connecti-
cut allowed us to collect a wide variety of fault slip orientations.
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(Above) Gigapan panoramic image of ~30% of the exposed measur-
able rocks looking northwest.
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(Left) Orthoimagery revealing the large size and shape of exposed
surfaces.
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Phase 3 Post-rift Inversion Stage B

In the Early Jurassic to early Middle Jurassic, rifting continued in the north. In the south,
el) seafloor spreading may have started in the Early Jurassic if post-rift basalts are CAMP-related.
OR
e2) seafloor spreading started in the Early to early Middle Jurassic if post-rift basalts are younger than CAMP activity.
f) In the Middle Jurassic 1) seafloor spreading processes continued in the south, 2) “ridge jump” processes developed in the central part of the region and 3)
structures associated with ~N-S shortening began to develop in the north.
g-h) In the Early to late Early Cretaceous, subsidence rates increased in the far north by the end of the Early Cretaceous.
Explanation modified from (Withjack et al., 2012).
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Carolina Trough

(Below) Paleostress inversions of 114 fault-slip data collected from
this station.
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Paleostress Analysis of the Early Mesozoic Higganum Dike

Faults on Cooling Joint Surfaces Faults Oblique to Cooling Joint Surfaces
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(Below Far Right) Absolute plate velocity vectors are denoted as black arrows. At 140 and 160 Ma, Laurentia is moving NW relative to West Gondwana. In an
absolute reference frame based on a true-polar wander corrected paleomagnetic model, Laurentia is moving NW at 160 Ma, but, at 140 Ma, Laurentia is moving
NNE. Spreading propagated northward between the Iberia—Newfoundland margin during Anomaly M20 (~146 Ma). The ending of extensional faulting in the
SE Gulf of Mexico and the dating of a post-rift unconformity places the end of seafloor spreading in the Caribbean during the latest Jurassic-earliest Cretaceous

between 145 and 135 Ma (M. Seton et al., 2012).
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transition in (A) southeastern Canada Figures and explanation taken from
and (B) southeastern United States. (Withjack et al., 1998)
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incipient seafloor-spreading
centers in central segment

Conclusions

The four phases represent data collected from crystalline basement in eastern Connecticut and are consistent

late Early Cretaceous

|:| Continental crust
2 - - - : | R with other states of stress observed along the passive margin of eastern North America since rifting began in the
Rifting and Magmatic Activity in Eastern North America i v A s
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Features Key

N e pr—— o« A map view of eastern North America shows Late Triassic to
Pl el e — _i . Early Jurassic rift basins related to the extension and attenu-
I mae ™ B 4 " _ /)2 | ation of the lithosphere during early rifting (Withjack and
o oy, | ‘ ™" Schlische, 1998). Magnetic anomalies drawn on the sea floor
depict the polar reversals of earth’s magnetic field as far back
as 155 Ma (M-25). These magnetic anomalies show the tra-
jectories of continental drift between Africa and North
America. Seismic and well data suggest early sea-floor

spreading began before 175 Ma.

Phase 1 shows a subvertical 01 where 02 and 03 have similar magnitudes. This is consistent with NW-SE

Africa extension during rifting in the Late Triassic to Early Jurassic.
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Age of Oceanic Lithosphere [m.y.]

Phase 2 shows a ~NNW-SE 01 and is consistent with other observations for post-rift inversion in the southeastern
United States.

“The World Stress Map 1s a global database of contemporary tectonic stress of the Earth's crust. Its uniformity and quality is guaranteed through quality rank-
ing of the data according to international standards and the standardized regime assignment. In the World Stress Map, different types of stress indicators are
used to determine the tectonic stress orientation. Data is derived from four categories; earthquake focal mechanisms, well bore breakouts and drilling-induced
fractures, in-situ stress measurements (overcoring, hydraulic fracturing, borehole slotter), and young geologic data (from fault-slip analysis and volcanic vent
alignments).”
World Stress Data Provided by: Heidbach, O., Tingay, M., Barth, A., Reinecker, J., Kurfe3, D. and Miiller, B., The World Stress Map database release 2008
doi:10.1594/GFZ.WSM.Rel2008, 2008.

Phase 3 shows a ~N-S 01 and is consistent with widespread observations for post-rift shortening in New
England.

J1: NO70E - S110E
Dips: ~60S
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Phase 4 sh ~ENE-WSW 01 that fits with th t state of st in New England.
Figure modified from Withjack and Schlische (2005). A0 T i e e R S G e PR
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Stress Regimes

A map view of eastern North America (ENA) showing the lo-
cations and trends of dikes associated with CAMP igneous
activity. ENA magmatic activity occured sometime around
~201 Ma and lasted about 600,000 years. Most dikes trend
NW-SE south of Virginia while dikes trend NE-SW north of
Maryland and Delaware. The dike trends reflect the state of

stress during emplacement. In the north S,  trends NE-SW
and in the south S, _ trends NW-SE.
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Normal

The strike and dip of the contact be- Fault-slip data show: Normal fault-slip data show: Reverse fault-slip data show: Thrust

tween the Higganum Dike and Bronson A) J1 surfaces are oblique thrust faults. Paleostress inversions of fault-slip data oblique to cooling joint surfaces are consistent with our
TSI Al el e Ge 900, 46 e ed B) J2 surfaces are oblique normal and paleostress analysis of fault-slip data collected from various Paleozoic accreted terranes and

o (S e ollevie (e o e lle @ thrust faults. J2 and J3 surfaces are dominant. J1 and J2 surfaces are dominant. the observations of Sawyer and Carroll (1982). These data suggest the faults post-date the
C) J3 surfaces are normal faults. emplacement of the Higganum dike at ~201 Ma.

Strike-Slip

cooling joint surfaces.

WORLD STRESS MAP Unknown

0 1257250 500 750 1,000
“ Kilometers

Regionally, the Higganum Dike trends Analysis of fault-slip data on cooling Analysis of normal fault-slip data shows Analysis of reverse fault-slip data shows Phase 1: n = 35, Phase 2: n = 15, Phase 3: n = 11, Phase 4: n = 15
WO S enatenm Clommaes S joint surfaces shows differential slip cooling joint surfaces are dominantly cooling joint surfaces are dominantly
parallel to column axes. dip-slip (striae rake >45° and <135°). strike-slip (striae rake <45° and >135°).

Figure and explanation modified from Withjack et al., (1998).




