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ABSTRACT

The Acadian and Neoacadian orogenies are widely recognized, yet poorly understood,
tectono-thermal events in the New England Appalachian Mountains (USA). We quantified
two phases of Paleozoic crustal thickening using geochemical proxies. Acadian (425-400 Ma)
crustal thickening to 40 km progressed from southeast to northwest. Neoacadian (400-380 Ma)
crustal thickening was widely distributed and varied by 30 km (40-70 km) from north to
south. Doubly thickened crust and paleoelevations of 5 km or more support the presence of
an orogenic plateau at ca. 380-330 Ma in southern New England. Neoacadian crustal thick-
nesses show a strong correlation with metamorphic isograds, where higher metamorphic
grade corresponds to greater paleo-crustal thickness. We suggest that the present metamor-
phic field gradient was exposed through erosion and orogenic collapse influenced by thermal,
isostatic, and gravitational properties related to Neoacadian crustal thickness. Geobarometry
in southern New England underestimates crustal thickness and exhumation, suggesting the
crust was thinned by tectonic as well as erosional processes.

INTRODUCTION

Present-day variations in crustal thickness
are relatively well known (Laske et al., 2012),
but the timing and magnitude of crustal thick-
ening and surface uplift variations in ancient
mountain belts are poorly constrained (Molnar
etal., 1993; Garzione et al., 2017). Traditionally,
episodes of crustal thickening have been inter-
preted from geobarometry and the geometry of
metamorphic isograds (Carmichael, 1978; Spear
et al., 1984). However, these methods cannot
constrain the thickness of crust below the cur-
rent exposure, and interpretations can be compli-
cated by later overprinting. The geochemistry of
syncollisional igneous rocks has recently been
proposed as a paleo—crustal thickness proxy (Hu
et al., 2017; DePaolo et al., 2019), offering a
promising tool with which to study the crustal
evolution of ancient convergent margins.

The Appalachian Mountains (eastern United
States) are a classic example of accretionary tec-
tonics, yet first-order questions abound in the
New England section of the orogen. The nature,
timing, and significance of the Acadian and Neo-
acadian tectono-thermal events and the potential
existence of an orogenic plateau are not well
constrained due to polyphase deformation, high-
grade metamorphism, along-strike heterogene-
ity, and an apparent continuum of geochrono-

logic dates (Robinson et al., 1998; Hillenbrand
et al., 2019). Constraints on crustal thickness
during Appalachian orogenesis are essential for
testing tectonic models and for drawing conclu-
sions about large-scale Earth system processes.

We investigated the magnitude and spatial
pattern of crustal thickening during the Acadi-
an and Neoacadian orogenies in New England
using geochemical proxies. The data suggest
two stages of thickening that culminated in the
formation of an orogenic plateau in southern
New England. Variations in crustal thickness are
strongly correlated with exposed metamorphic
isograds, suggesting that the amount and style of
orogenic collapse and isostatic rebound played
a major role in the development of the modern
metamorphic field gradient.

GEOLOGIC BACKGROUND

The tectonic elements of the Appalachian
orogen record multiple phases of Phanerozoic
tectonism (Fig. 1). Orogenesis began with the
Taconic orogeny (475-445 Ma), interpreted
to represent collision between Laurentian and
Ordovician island arc(s) built on the Gondwa-
nan-derived Moretown terrane in New England
(Macdonald et al., 2014). The Salinic orogeny
(440-430 Ma) involved accretion of Ganderia,
a peri-Gondwanan domain, to Taconic-modified

composite Laurentia (van Staal et al., 2009). The
Acadian orogeny is marked by nappe emplace-
ment and magmatism and is attributed to colli-
sion between composite Laurentia and Avalonia,
a Gondwanan-derived domain (423-385 Ma,
Robinson et al., 1998; 425-400 Ma, van Staal
et al., 2009). The enigmatic Neoacadian orog-
eny (366-350 Ma, Robinson et al., 1998; 400—
340 Ma, van Staal et al., 2009) has been charac-
terized on the basis of geochronology, high-grade
metamorphism, plutonism, and the overprinting
of Acadian structures. It has been associated with
accretion of the peri-Gondwanan Meguma ter-
rane (van Staal et al., 2009). The 325-260 Ma
Alleghanian orogeny is interpreted to record col-
lision of Gondwana with Laurentia and the final
assembly of Pangea, although its effects are re-
stricted primarily to southeastern New England
(Robinson et al., 1998; Wintsch et al., 2014).
Mesozoic extension associated with the breakup
of Pangea led to magmatism, normal faulting,
and the development of rift basins (Zen, 1991).

METHODS

We applied crustal thickness and paleoeleva-
tion proxies to a newly compiled geochemical da-
tabase for the northern Appalachian Mountains.
Hu et al. (2017, 2020) developed trace-element
proxies from global correlations of crustal thick-
ness, elevation, Sr/Y, and chondrite-normalized
La/Yb (La/Yb,) values in syncollisional igneous
rocks. This has been interpreted to reflect mag-
ma generation, assimilation, and differentiation
occurring near the Moho. As the crust thickens,
garnet and amphibole are increasingly stable, se-
questering Y and Yb, while plagioclase breaks
down, releasing Sr and La, which results in in-
creasing St/Y and La/Yb ratios in the melt phase.
The thermo-isotopic neodymium crustal index
(NCI) of DePaolo et al. (2019) uses the degree of
crustal assimilation as a proxy for crustal thick-
ness. It operates on the assumption that most melt
hybridization occurs at or near the base of the
crust and that higher degrees of assimilation are
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associated with higher wall-rock temperatures.
Our complete geochemical database (n = 17,000)
is archived at https:/sites.google.com/umass.edu/
ned. Samples used in this study (i.e., passing
filters summarized below) are presented in the
Supplemental Material', where additional details
about methods are also provided.

We applied Sr/Y and La/Yb proxies for syn-
collisional magmas as indicated by (1) published
interpretations of the tectonic setting (Robinson
etal., 1998; Bradley et al., 2000), (2) petrogenetic
studies (Wones, 1980), and/or (3) discrimination
diagrams (Fig. S1 in the Supplemental Material).
The calibration was applied to samples passing
the filters of Hu et al. (2017): SiO, = 55-72 wt%,
MgO = 0.5-6.0 wt%, Rb/Sr <0.35, St/Y <60,
and La <60 ppm. The Rb/Sr filter removes sam-
ples that experienced high degrees of intracrust-
al fractionation (Hu et al., 2017). Mineralized,
highly altered, and/or cumulate samples were re-
moved. In total, 289 samples from 44 units passed
these filters, and for these, the median Sr/Y and
La/Yb ratios were calculated.

The NCI proxy extends our constraints to
more felsic magmas, although the model satu-
rates at a crustal thickness of 60 km (DePaolo

!Supplemental Material. Geochemical and isotopic
data, detailed descriptions of methods, and Figures
S1-S4. Please visit https://doi.org/10.1130/XXXXX
to access the supplemental material, and contact
editing@geosociety.org with any questions.

etal., 2019). We chose representative values for
both juvenile and evolved end members based
on terrane analysis and petrologic studies, as de-
scribed in the Supplemental Material (Fig. S2).
Samples with potentially significant upper-crust-
al contamination (e.g., elevated 8’Sr/%Sr or §'%0)
were removed. Crustal thickness estimates were
calculated using 89 samples from 24 plutons.

RESULTS

Calculated crustal thicknesses and eleva-
tions are shown in Figure 2 and tabulated in the
Supplemental Material. Paleo—crustal thickness
estimates, regardless of method, were consistent
within systematic error (10-20 km) and are here
interpreted together. Following Hu et al. (2017,
2020), La/Yb values are generally preferred over
St/Y for crustal thicknesses >50 km and eleva-
tions >3 km due to the greater sensitivity of the
La/Yb proxy above these values.

We present the spatial distribution of thick-
ness and elevation using present-day locations
in order to facilitate comparisons with geophysi-
cal observations. Rocks analyzed here postdate
terrane accretion and major faulting (Bradley
et al., 2000). Thus, palinspastic considerations
are likely to be relatively minor (for reference,
our data are plotted on the proposed reconstruc-
tions of Waldron et al. [2015] in Fig. S3). While
faulting has presumably occurred in the eastern
portion of the study area along the Norumbega,
Clinton-Newbury, and Honey Hill fault systems

(Robinson et al., 1998), no major differences are
observed in crustal thickness across these faults.

Plutons dated to 425-400 Ma yielded a
consistent record of crustal thickness and el-
evation, but they showed a distinct temporal
trend (Fig. 2A). Geochemical proxies suggest
crustal thicknesses of 35-45 km, consistent
with estimates from ca. 410 Ma lower-crustal
cumulates (Tassara et al., 2020), and elevations
of ~1-2.5 km. The ages of plutons become
systematically younger from the southeast to
northwest, from 425 to 400 Ma.

Crustal thicknesses derived from 400 to
350 Ma plutons increase from northeast to
southwest. They range from ~40 km in much of
Maine to ~50 km in Vermont to western Maine,
and to 55-70 km in Massachusetts, Connecticut,
and southern New Hampshire (southern New
England; Fig. 2B; Fig. S4). Notably, the val-
ues from southern New England are similar to
thermobarometric estimates from lower-crustal
blocks (Keller and Ague, 2018). Thus, crustal
thickness differed by up to 30 km along strike.
Calculated elevations increase from 1-2 km in
Maine to 2—4 km in Vermont, and to 4-7 km in
southern New England (Fig. 2B). No correlation
is apparent between the ages of Neoacadian plu-
tons and spatial distribution or crustal thickness.

Time-series plots (Fig. 3) highlight the evolu-
tion of the orogen along and across strike and,
in particular, the similarity of values prior to ca.
400 Ma and the subsequent north to south dif-
ferences. Maine remained relatively constant at
40 km after initial southeast-northwest thickening.
Vermont reached 50 km at 375-350 Ma, corre-
sponding to elevations of 2—4 km. Southern New
England achieved crustal thicknesses of 60—70 km
and elevations of 5-7 km by 380 Ma. After this
peak, crustal thickness and elevation decreased to
55-60 km and 4-5 km, respectively, by 360 Ma.

DISCUSSION

Geochemical data suggest distinct spatial pat-
terns in crustal thickness and thickening histories
before and after ca. 400 Ma. The apparent south-
east-northwest trend in pluton ages (425-400 Ma),
along with sedimentological and structural data,
was interpreted by Bradley et al. (2000) in terms
of a northwest-migrating Acadian deformational
front. Our results are compatible with this model,
and with models involving west-directed short-
ening (Fig. 2A; Robinson et al., 1998). Crustal
thicknesses of 40 km and elevations of 1-2 km are
similar to other nappe-style orogenic belts such
as the Alps (Lombardi et al., 2008).

In contrast, crustal thicknesses and eleva-
tions after 400 Ma varied significantly along
strike. Thickening apparently occurred simulta-
neously and in a short time period across south-
ern New England and Vermont between 400 and
375 Ma, an observation also supported by the
timing of rapid foreland basin subsidence and
regional shortening (Fig. 4D; Robinson et al.,
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evation data for the period 400-350 Ma. NCl—neodymium crustal index of DePaolo et al. (2019).
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Figure 3. Time series of
crustal thickness and
paleoelevation (km) for
(A) Maine, (B) Vermont to
western Maine, and (C)
southern New England,
USA. NCl—neodymium
crustal index of DePaolo
et al. (2019).
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Figure 4. (A) Metamorphic zones simplified from Robinson et al. (1998) and bathozones of
Carmichael (1978). Grt to Ky-st—garnet to kyanite-staurolite; Sill-ms—sillimanite-muscovite;
Sill-kfs—sillimanite—K-feldspar; Sill-kfs-crd—sillimanite—K-feldspar—cordierite. (B) Distribution
of metamorphic pressures and paleodepth. (Inset) Paleodepth added onto modern crustal
thickness. (C) Difference between Neoacadian and modern crustal thickness. (D) Crustal
evolution synthesized from geochemical, sedimentological, and structural data. MA—Mas-

sachusetts; ME—Maine.
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1998; Ettensohn et al., 2019). We speculate that
the slight decrease in crustal thickness in south-
ern New England at 370-360 Ma may have been
related to the foundering of dense (eclogitized?)
lower crust (Moecher et al., 2020) or outward
ductile flow of mid- or lower crust (Beaumont
etal., 2004). If the former is correct, it may have
been associated with ca. 365-355 Ma “Neo-
acadian” magmatism in southern New England
(Robinson et al. (1998; Moecher et al., 2020).

The distinct crustal thickening histories
shown here may provide a basis for refining
the timing of the Acadian and Neoacadian
orogenies in New England. We prefer to asso-
ciate 425-400 Ma thickening with the Acadian
orogeny, based upon its link with the Acadian
front of Bradley et al. (2000). The 400-340 Ma
tectonism may be better associated with Neo-
acadian orogenesis, based on the distinctively
different crustal thickening style and its con-
nection with classic Neoacadian plutonism in
central Massachusetts.

Hillenbrand et al. (2019) hypothesized the
existence of an orogenic plateau in southern
New England at 380-330 Ma based on petro-
logic, geochronologic, and thermochronologic
data. They argued that subhorizontal isobars,
granulite-facies metamorphism, widespread
anatexis, and slow cooling indicate the exis-
tence of a high-elevation, low-relief plateau. Our
geochemical estimates of crustal thicknesses
(55-70 km) and paleoelevations (5-7 km) from
southern New England closely match those of
the Tibetan-Pamir and Altiplano-Puna plateaus
(Fig. S4; Garzione et al., 2017; Hacker et al.,
2017). Values for Vermont (50 km thickness;
3 km elevation) are similar to the hypothesized
Cretaceous Arizonaplano and Nevadaplano (Co-
ney and Harms, 1984; Chapman et al., 2015,
2020). Thus, we suggest that the results provide
strong independent evidence for the proposed
“Acadian altiplano” in southern New England.
The somewhat thinner crust of Vermont may
have involved a lower-elevation segment of the
hypothesized plateau or a transitional region to
the thinner crust of Maine. The synchronous up-
lift may be suggestive of the distributed shorten-
ing that is characteristic of weak plateau crust
(Hacker et al., 2017).

The variation in Neoacadian crustal thick-
nesses suggests differences in the regional strain
field or in tectonic setting along orogenic strike.
Structural data indicate a transpressional regime
in Neoacadian time, with greater shortening in
southern New England relative to Maine (Rob-

inson et al., 1998; Moecher et al., 2020). This
difference may have been controlled by the ge-
ometry of the collision zone and basement ar-
chitecture (Massey et al., 2017) or contrasting
collisional styles (Kuiper, 2016).

Many studies have inferred crustal thicken-
ing on the basis of metamorphic assemblages
and thermobarometry (Spear et al., 1984). Pet-
rologic studies have identified a distinct meta-
morphic field gradient in New England in which
both metamorphic grade and paleodepth (at the
present erosional surface) increase from north-
east to southwest (Fig. 4A; Carmichael, 1978;
Zen, 1991; Robinson et al., 1998). Pressures
are lowest in Maine (1-2 kbar) and increase to
southern New England (6-11 kbar; Fig. 4B). To-
gether, these observations show a striking, and
not entirely surprising, correlation with Neoaca-
dian crustal thicknesses (Fig. 2B).

To assess the magnitude of change in crustal
thickness, Neoacadian to present, we compared
the results of Figure 2B to the present-day val-
ues of Li et al. (2018). Models calculated in
ArcGIS show the greatest difference in crustal
thicknesses (20-30 km, Neoacadian versus pres-
ent) and, by inference, crustal thinning/exhuma-
tion, in southern New England (Fig. 4C). Dif-
ferences decrease to the northeast, to as little
as 3-10 km in Maine. This pattern broadly ap-
proximates thermobarometric data and infer-
ences from metamorphic assemblages (Fig. 4A).
Notably, metamorphic pressures underestimate
paleo—crustal thickness and exhumation relative
to geochemical proxies in Massachusetts and
southern New Hampshire. This suggests that
crustal thinning involved both erosional and
tectonic processes. The 330-300 Ma, shallowly
dipping stretching lineations and the condensing
of structural levels (Massey et al., 2017) suggest
ductile thinning played an important role (Long
and Kohn, 2020). Other processes such as de-
lamination (Levin et al., 2000) may also have
contributed to crustal thinning. This analysis
would not be applicable to areas that experi-
enced significant Alleghanian tectonism, such
as southeastern Connecticut and Rhode Island
(Robinson et al., 1998; Wintsch et al., 2014).

The greatly thickened crust and high to-
pography of southern New England may have
created high gravitational potential energy, iso-
statically instability, and a hot thermal structure,
which favored tectonic thinning (Dewey, 1988;
Bird, 1991; Beaumont et al., 2004). Ultimately,
erosion, thermal weakening, gravitational col-
lapse, and isostatic rebound of the thickened
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crust and high topography of southern New
England served to exhume deeper levels of the
crust relative to the thinner crust of Maine, re-
sulting in the present-day metamorphic field
gradient (Fig. 4D).

CONCLUSIONS

We quantified the crustal thickness and el-
evation history of the New England Appala-
chians, 425-350 Ma, using geochemical prox-
ies. Our results show distinct spatiotemporal
patterns in crustal thickness related to the Aca-
dian and Neoacadian orogenies. Acadian oro-
genesis progressed from southeast to northwest
and resulted in a 40-km-thick crust. Neoacadian
thickening occurred synchronously but varied
by 30 km from north to south (40-70 km). The
magnitude and pattern of crustal thickening in
southern New England suggest an orogenic
plateau formed by 380 Ma. Neoacadian crustal
thickness strongly correlates with metamorphic
petrology. We propose that contrasts in gravita-
tional, isostatic, and thermal properties related
to crustal thickness likely influenced erosion
and ductile thinning, which exposed the pres-
ent metamorphic field gradient.

ACKNOWLEDGMENTS

We acknowledge funding from National Science
Foundation grant EAR 1736/167 (to H. Gao, M.
Williams, and V. Levin). We thank C. Dietsch and
S. Turner for informal comments, and J. Waldron,
M. Dorais, and K. Klepeis for constructive reviews.
Discussions with D. Wise, D. Tjapkes, and K. Suarez
were very helpful.

REFERENCES CITED

Beaumont, C., Jamieson, R.A., Nguyen, M.H., and
Medvedeyv, S., 2004, Crustal channel flows: 1.
Numerical models with applications to the tec-
tonics of the Himalayan-Tibetan orogen: Journal
of Geophysical Research: Solid Earth, v. 109,
p- 1-29, https://doi.org/10.1029/2003JB002809.

Bird, P, 1991, Lateral extrusion of lower crust from
under high topography, in the isostatic limit: Jour-
nal of Geophysical Research, v. 96, p. 10275—
10286, https://doi.org/10.1029/91JB00370.

Bradley, D.C., Tucker, R.D., Lux, D.R., Harris, A.G.,
and McGregor, D.C., 2000, Migration of the
Acadian Orogen and Foreland Basin Across the
Northern Appalachians of Maine and Adjacent
Areas: U.S. Geological Survey Professional Pa-
per 1624, 64 p., https://doi.org/10.3133/pp1624.

Carmichael, D.M., 1978, Metamorphic bathozones
and bathograds; A measure of the depth of post-
metamorphic uplift and erosion on the regional
scale: American Journal of Science, v. 278, p.
769-797, https://doi.org/10.2475/ajs.278.6.769.

Chapman, J.B., Ducea, M.N., DeCelles, P.G., and
Profeta, L., 2015, Tracking changes in crustal
thickness during orogenic evolution with Sr/Y:
An example from the North American Cordil-
lera: Geology, v. 43, p. 919-922, https://doi
.org/10.1130/G36996.1.

Chapman, J.B., Greig, R., and Haxel, G.B., 2020,
Geochemical evidence for an orogenic plateau
in the southern U.S. and northern Mexican
Cordillera during the Laramide orogeny: Geol-
ogy, v. 48, p. 164-168, https://doi.org/10.1130/
G47117.1.


https://doi.org/10.1029/2003JB002809
https://doi.org/10.1029/91JB00370
https://doi.org/10.3133/pp1624
https://doi.org/10.2475/ajs.278.6.769
https://doi.org/10.1130/G36996.1
https://doi.org/10.1130/G36996.1
https://doi.org/10.1130/G47117.1
https://doi.org/10.1130/G47117.1

Coney, PJ., and Harms, T.A., 1984, Cordilleran meta-
morphic core complexes: Cenozoic extensional
relics of Mesozoic compression: Geology, v.
12, p. 550-554, https://doi.org/10.1130/0091-
7613(1984)12<550:CMCCCE>2.0.CO:;2.

DePaolo, D.J., Harrison, T.M., Wielicki, M., Zhao, Z.,
Zhu, D.C., Zhang, H., and Mo, X., 2019, Geo-
chemical evidence for thin syn-collision crust
and major crustal thickening between 45 and
32 Ma at the southern margin of Tibet: Gond-
wana Research, v. 73, p. 123-135, https://doi
.org/10.1016/j.gr.2019.03.011.

Dewey, J.F., 1988, Extensional collapse of oro-
gens: Tectonics, v. 7, p. 1123-1139, https://doi
.org/10.1029/TC007i006p01123.

Ettensohn, F.R., Pashin, J.C., and Gilliam, W., 2019,
The Appalachian and Black Warrior Basins:
Foreland basins in the eastern United States, in
Miall, A.D., ed., The Sedimentary Basins of the
United States and Canada: Amsterdam, Elsevier,
p. 129-237, https://doi.org/10.1016/B978-0-444-
63895-3.00004-8.

Garzione, C.N., et al., 2017, Tectonic evolution of the
Central Andean Plateau and implications for the
growth of plateaus: Annual Review of Earth and
Planetary Sciences, v. 45, p. 529-559, https://
doi.org/10.1146/annurev-earth-063016-020612.

Hacker, B.R., Ratschbacher, L., Rutte, D., Stearns,
M.A., Malz, N., Stiibner, K., Kylander-Clark,
A.R.C., Pfinder, J.A., and Everson, A., 2017,
Building the Pamir-Tibet Plateau—Crustal stack-
ing, extensional collapse, and lateral extrusion in
the Pamir: 3. Thermobarometry and petrochronol-
ogy of deep Asian crust: Tectonics, v. 36, p. 1743—
1766, https://doi.org/10.1002/2017TC004488.

Hibbard, J.P., van Staal, C.R., Rankin, D.W., and Wil-
liams, H., 2006, Lithotectonic Map of the Appala-
chian Orogen: Geological Survey of Canada “A”
Series Map 2096A, 1:1,500,000 scale, 2 sheets,
https://doi.org/10.4095/221912.

Hillenbrand, I.W., Williams, M.L., Li, C., and Gao,
H., 2019, Rise and fall of the Acadian Altiplano:
Geological Society of America Abstracts with
Programs, v. 51, no. 5, paper 291-8, https://doi
.org/10.1130/abs/2019AM-340957.

Hu, F,, Ducea, M.N., Liu, S., and Chapman, J.B., 2017,
Quantifying crustal thickness in continental col-
lisional belts: Global perspective and a geologic
application: Scientific Reports, v. 7, p. 1-10,
https://doi.org/10.1038/s41598-017-07849-7.

Hu, F,, Wu, E,, Chapman, J.B., Ducea, M.N., Ji, W.,
and Liu, S., 2020, Quantitatively tracking the
elevation of the Tibetan Plateau since the Cre-
taceous: Insights from whole-rock St/Y and La/
Yb ratios: Geophysical Research Letters, v. 47,
p. 1-10, https://doi.org/10.1029/2020GL089202.

Keller, D., and Ague, J.J., 2018, High-pressure granu-
lite facies metamorphism (~1.8 GPa) revealed

in silica-undersaturated garnet-spinel-corundum
gneiss, Central Maine terrane, Connecticut,
U.S.A.: The American Mineralogist, v. 103, p.
1851-1868, https://doi.org/10.2138/am-2018-
6543.

Kuiper, Y.D., 2016, Development of the Norumbega
fault system in mid-Paleozoic New England,
USA: An integrated subducted oceanic ridge
model: Geology, v. 44, p. 455-458, https://doi
.org/10.1130/G37599.1.

Laske, G., Masters, G., Ma, Z., and Pasyanos, M.,
2012, Update on CRUST1.0—A 1-degree global
model of Earth’s crust: Geophysical Research
Abstracts, v. 14, EGU2012-3743-1, http://igp-
pweb.ucsd.edu/_gabi/crust].html.

Levin, V., Park, J., Brandon, M.T., and Menke, W.,
2000, Thinning of the upper mantle during late
Paleozoic Appalachian orogenesis: Geology, v.
28, p. 239-242, https://doi.org/10.1130/0091-
7613(2000)28<239:TOTUMD>2.0.CO;2.

Li, C., Gao, H., Williams, M.L., and Levin, V., 2018,
Crustal thickness variation in the northern Appa-
lachian Mountains: Implications for the geometry
of 3-D tectonic boundaries within the crust: Geo-
physical Research Letters, v. 45, p. 6061-6070,
https://doi.org/10.1029/2018GL078777.

Lombardi, D., Braunmiller, J., Kissling, E., and
Giardini, D., 2008, Moho depth and Poisson’s
ratio in the western-central Alps from receiver
functions: Geophysical Journal International, v.
173, p. 249-264, https://doi.org/10.1111/j.1365-
246X.2007.03706.x.

Long, S.P., and Kohn, M.J., 2020, Distributed duc-
tile thinning during thrust emplacement: A com-
monly overlooked exhumation mechanism: Geol-
ogy, v. 48, p. 368-373, https://doi.org/10.1130/
G47022.1.

Macdonald, F.A., Ryan-Davis, J., Coish, R.A., Crow-
ley, J.L., and Karabinos, PM., 2014, A newly
identified Gondwanan terrane in the northern
Appalachian Mountains: Implications for the
Taconic orogeny and closure of the Iapetus
Ocean: Geology, v. 42, p. 539-542, https://doi
.org/10.1130/G35659.1.

Massey, M.A., Moecher, D.P., Walker, T.B., O’Brien,
T.M., and Rohrer, L.P., 2017, The role and ex-
tent of dextral transpression and lateral es-
cape on the post-Acadian tectonic evolution of
south-central New England: American Jour-
nal of Science, v. 317, p. 34-94, https://doi
.org/10.2475/01.2017.02.

Moecher, D.P., McCulla, J.K., and Massey, M.A.,
2020, Zircon and monazite geochronology in the
Palmer zone of transpression, south-central New
England, USA: Constraints on timing of deforma-
tion, high-grade metamorphism, and lithospheric
foundering during late Paleozoic oblique colli-
sion in the northern Appalachian orogen: Geo-

logical Society of America Bulletin, https://doi
.org/10.1130/B35744.1 (in press).

Molnar, P., England, P., and Martinod, J., 1993,
Mantle dynamics, uplift of the Tibetan Pla-
teau, and the Indian monsoon: Reviews of
Geophysics, v. 31, p. 357-396, https://doi
.org/10.1029/93RG02030.

Robinson, P., Tucker, R.D., Bradley, D., Berry, H.N.,
IV, and Osberg, P.H., 1998, Paleozoic orogens
in New England, USA: GFF, v. 120, p. 119-148,
https://doi.org/10.1080/11035899801202119.

Spear, E.S., Selverstone, J., Hickmott, D., Crowley, P.,
and Hodges, K.V., 1984, P-T paths from garnet
zoning: A new technique for deciphering tec-
tonic processes in crystalline terranes: Geology,
v. 12, p. 87-90, https://doi.org/10.1130/0091-
7613(1984)12<87:PPFGZA>2.0.CO;2.

Tassara, S., Ague, J.J., and Valencia, V., 2020, The
deep magmatic cumulate roots of the Aca-
dian orogen, eastern North America: Geolo-
gy, v. 49, p. 168-173, https://doi.org/10.1130/
G47887.1/5151483/g47887.

van Staal, C.R., Whalen, J.B., Valverde-Vaquero, P.,
Zagorevski, A., and Rogers, N., 2009, Pre-Car-
boniferous, episodic, accretion-related orogenesis
along the Laurentian margin of the northern Ap-
palachians, in Murphy, J.B., Keppie, J.D., and
Hynes, A.J., eds., Ancient Orogens and Modern
Analogues: Geological Society [London] Spe-
cial Publication 327, p. 271-316, https://doi
.org/10.1144/SP327.13.

Waldron, J.W.F., Barr, S.M., Park, A .F., White, C.E.,
and Hibbard, J., 2015, Late Paleozoic strike-slip
faults in Maritime Canada and their role in the
reconfiguration of the northern Appalachian oro-
gen: Tectonics, v. 34, p. 1661-1684, https://doi
.org/10.1002/2015TC003882.

Wintsch, R.P.,Yi, K., and Dorais, M.J., 2014, Crustal
thickening by tectonic wedging of the Gande-
rian rocks, southern New England, USA: Evi-
dence from cataclastic zircon microstructures
and U-Pb ages: Journal of Structural Geology,
v. 69, p. 428-448, https://doi.org/10.1016/
j-jsg.2014.07.019.

Wones, D.R., 1980, A comparison between granitic
plutons of New England, USA, and the Sierra
Nevada batholith, California, in Wones, D.R.,
ed., The Caledonides in the USA: Internation-
al Geologic Correlation Programme Project
27: Virginia Polytechnical Institute Memoir 2,
p- 123-130.

Zen, E.A., 1991, Phanerozoic denudation history of
the southern New England Appalachians deduced
from pressure data: American Journal of Science,
v. 291, p. 401-424, https://doi.org/10.2475/
ajs.291.4.401.

Printed in USA

www.gsapubs.org | Volume XX | Number XX | GEOLOGY | Geological Society of America


https://doi.org/10.1130/0091-7613(1984)12<550:CMCCCE>2.0.CO;2
https://doi.org/10.1130/0091-7613(1984)12<550:CMCCCE>2.0.CO;2
https://doi.org/10.1016/j.gr.2019.03.011
https://doi.org/10.1016/j.gr.2019.03.011
https://doi.org/10.1029/TC007i006p01123
https://doi.org/10.1029/TC007i006p01123
https://doi.org/10.1016/B978-0-444-63895-3.00004-8
https://doi.org/10.1016/B978-0-444-63895-3.00004-8
https://doi.org/10.1146/annurev-earth-063016-020612
https://doi.org/10.1146/annurev-earth-063016-020612
https://doi.org/10.1002/2017TC004488
https://doi.org/10.4095/221912
https://doi.org/10.1130/abs/2019AM-340957
https://doi.org/10.1130/abs/2019AM-340957
https://doi.org/10.1038/s41598-017-07849-7
https://doi.org/10.1029/2020GL089202
https://doi.org/10.2138/am-2018-6543
https://doi.org/10.2138/am-2018-6543
https://doi.org/10.1130/G37599.1
https://doi.org/10.1130/G37599.1
http://igppweb.ucsd.edu/_gabi/crust1.html
http://igppweb.ucsd.edu/_gabi/crust1.html
https://doi.org/10.1130/0091-7613(2000)28<239:TOTUMD>2.0.CO;2
https://doi.org/10.1130/0091-7613(2000)28<239:TOTUMD>2.0.CO;2
https://doi.org/10.1029/2018GL078777
https://doi.org/10.1111/j.1365-246X.2007.03706.x
https://doi.org/10.1111/j.1365-246X.2007.03706.x
https://doi.org/10.1130/G47022.1
https://doi.org/10.1130/G47022.1
https://doi.org/10.1130/G35659.1
https://doi.org/10.1130/G35659.1
https://doi.org/10.2475/01.2017.02
https://doi.org/10.2475/01.2017.02
https://doi.org/10.1130/B35744.1
https://doi.org/10.1130/B35744.1
https://doi.org/10.1029/93RG02030
https://doi.org/10.1029/93RG02030
https://doi.org/10.1080/11035899801202119
https://doi.org/10.1130/0091-7613(1984)12<87:PPFGZA>2.0.CO;2
https://doi.org/10.1130/0091-7613(1984)12<87:PPFGZA>2.0.CO;2
https://doi.org/10.1130/G47887.1/5151483/g47887
https://doi.org/10.1130/G47887.1/5151483/g47887
https://doi.org/10.1144/SP327.13
https://doi.org/10.1144/SP327.13
https://doi.org/10.1002/2015TC003882
https://doi.org/10.1002/2015TC003882
https://doi.org/10.1016/j.jsg.2014.07.019
https://doi.org/10.1016/j.jsg.2014.07.019
https://doi.org/10.2475/ajs.291.4.401
https://doi.org/10.2475/ajs.291.4.401

	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Paleozoic evolution of crustal thickness and elevation 
in the northern Appalachian orogen, USA﻿﻿

	﻿ABSTRACT﻿

	﻿﻿﻿﻿﻿﻿INTRODUCTION﻿

	﻿﻿﻿GEOLOGIC BACKGROUND﻿

	﻿﻿﻿﻿METHODS﻿

	﻿﻿﻿RESULTS﻿

	﻿﻿﻿﻿DISCUSSION﻿

	﻿﻿﻿CONCLUSIONS﻿

	﻿﻿REFERENCES CITED﻿

	Figure 1
	Figure 2
	Figure 3
	Figure 4


