a USGS

science for a changing world

U.S. Department of the Interior

Prepared in cooperation with the

Scientific Investigations Map 3535

U.S. Geological Survey STATE OF VERMONT, VERMONT AGENCY OF NATURAL RESOURCES, VERMONT GEOLOGICAL SURVEY Sheet 2 of 2
and the
STATE OF NEW HAMPSHIRE, DEPARTMENT OF ENVIRONMENTAL SERVICES, NEW HAMPSHIRE GEOLOGICAL SURVEY
A A’ STRUCTURAL DOMAIN DISCUSSION REFERENCES CITED
MEE%?} — '}ASEJ(ERS I 1 v The bedrock geology of the Bellows Falls 7.5- x 15-minute quadrangle Aleinikoff, J.N., and Karabinos, P., 1990, Zircon U-Pb data for the Moretown and
S 2 % consists of polydeformed Ordovician to Devonian metasedimentary, metavolcanic, Barnard Volcanic Members of the Missisquoi Formation and a dike cutting the
R Ecneut § § ,§ and metaplutonic rocks of the Connecticut Valley trough (CVT), Bronson Hill Standing Pond Volcanics, southeastern Vermont, in Slack, J.F., ed., Summary
1,200 — STATE PARK I S ‘g S 1,200 anticlinorium (or Bronson Hill terrane), and the Central Maine terrane. Previous results of the Glen Falls CUSMAP project, New York, Vermont, and New
3 E s g " work in this area includes a 1:62,500-scale published map and text by Kruger Hampshire: U.S. Geological Survey Bulletin 1887, p. DI1-D10. [Also
________ 3 E (1946), State geologic maps of New Hampshire (Lyons and others, 1997) and available at https://doi.org/10.3133/b1887.]
800 — g c e T T S % § 900 Vermont (Ratcliffe and others, 2011), and various maps and reports presented Allmendinger, R.W., Cardozo, N.C., and Fisher, D., 2013, Structural geology
9 . E «.. Opa § EN N Yy, W, S largely as parts of field trip guidebooks (for example, Thompson and Rosenfeld, algorithms: Vectors & tensors: Cambridge, United Kingdom, Cambridge
§ R " S g - A 5 § "9 1979; Chamberlain and others, 1988; Spear, 1992; Thompson and others, 1993). University Press, 289 p.
600 — _ = 2 R % § Hill § Opa “ 2 £ 600 Armstrong (1997) completed a provisional map of the geology of the Vermont part Armstrong, T.R., 1997, Preliminary bedrock geologic map of the Vermont part of
parker il % § o s = . = . _,__f" S §,§ ........ of the Bellows Falls 7.5- x 15-minute quadrangle which, on the basis of additional the 7.5- x 15-minute Bellows Falls quadrangle, Windham and Windsor
BB SURFACE h 3 SURFACE - « SURFACE - fieldwork, is incorporated and revised on this map. Counties, Vermont: U.S. Geological Survey Open-File Report 97-284, 1 sheet,
300 — S — 300 This study recognizes three major structural levels, given here from west to scale 1:24,000, 40-p. pamphlet. [Also available at https://doi.org/10.3133/
Contours east and from lowest to highest: (1) autochthonous rocks of the CVT; (2) 0fr97284.]
2% S allochthonous rocks of the New Hampshire sequence and Bronson Hill arc in the Bradley, D.C., Shea, E., Buchwaldt, R., Bowring, S., Benowitz, J., O’Sullivan, P.,
SEALEVEL — [ SEALEVEL 4% n=136 Monroe thrust sheet (or nappe), including the Skitchewaug nappe; and (3) and McCauley, A., 2016, Geochronology and tectonic context of
allochthonous rocks of the Fall Mountain thrust sheet or nappe. The CVT consists lithium-cesium-tantalum pegmatites in the Appalachians: Canadian
- of metasedimentary and metavolcanic rocks of the Devonian Gile Mountain and Mineralogist, v. 54, no. 4, p. 945-969. [Also available at https://doi.org/
300 — \\\ — 30 Waits River Formations, which are located to the west and within splays of the 10.3749/canmin.1600035.]
N Westminster West fault zone. The CVT rocks are largely greenschist facies, with Cardozo, N., and Allmendinger, R.W., 2013, Spherical projections with
most rocks in the biotite to garnet zones. The Monroe thrust sheet carries OSXStereonet: Computers & Geosciences, v. 51, p. 193-205. [Also available
800 600 transported New Hampshire sequence rocks, and includes rocks previously at https://doi.org/10.1016/j.cageo.2012.07.021.]
described as the Cornish and Skitchewaug nappes (Thompson and others, 1968) Chamberlain, C.P., Thompson, J.B., Jr., and Allen, T., 1988, Stratigraphy and
S, E and now interpreted to be largely at the same structural level (Walsh and others, structure of the Fall Mountain and Skitchewaug nappes, southwestern New
%00 0 2020). These rocks reached greenschist to amphibolite facies, with the lower Hampshire, in Bothner, W.A., ed., Guidebook for field trips in southwestern
biotite-grade rocks occurring to the west near the Connecticut River. The eastern New Hampshire, southeastern Vermont, and north-central Massachusetts: New
Apparentdip: Dominant foliation (S,) % Schistosity (S,) T, motion toward observer; A, motion away from observer NO VERTICAL EXAGGERATION . 300 meters = 984 feet side of the CVT and the western side of the Skitchewaug nappe are dissected and England Intercollegiate Geological Conference, 80th Annual Meeting, Keene,
. . Surficial deposits are not shown . .. .
® Horizontal foliation (S,) deformed by multiple strands of the sinistral Westminster West fault zone N.H., p. 32-39.
Contours (Armstrong, 1997; McWilliams and others, 2013), an Alleghanian structure. The Hueber, F.M., Bothner, W.A., Hatch, N.L., Jr., Finney, S.C., and Aleinikoff, J.N.,
largest strand is marked by a significant zone of phyllonites—derived from various 1990, Devonian plants from southern Quebec and northern New Hampshire
adjacent rock types from within the CVT—and chlorite-grade retrogression. In the and the age of the Connecticut Valley Trough: American Journal of Science, v.
fault zone west of the Connecticut River, higher grade metamorphic assemblages 290, no. 4, p. 360-395. [Also available at https://doi.org/10.2475/
B B’ are retrograded, deformed, and truncated in this wide zone. The Skitchewaug nappe 2js.290.4.360.]
METERS METERS shows an internal west-to-east increase in metamorphic grade from garnet zone to Kruger, F.C., 1946, Structure and metamorphism of the Bellows Falls quadrangle of
2,100 2,100 staurolite zone to sillimanite zone (sillimanite + muscovite assemblage) near the New Hampshire and Vermont: Geological Society of America Bulletin, v. 57,
Alstead dome. The Skitchewaug nappe exposes Ordovician to Devonian rocks of no. 2, p. 161-206. [Also available at https://doi.org/10.1130/
ot the New Hampshire sequence: Ordovician Partridge Formation, Silurian Clough 0016-7606(1946)57[161:SAMOTB]2.0.CO;2.]
1,800 L e, 000 e 1.800 Quartzite, Silurian Fitch Formation, and Devonian Littleton Formation. The Alstead Lyons, J.B., Bothner, W.A., Moench, R.H., and Thompson, J.B., Jr., 1997, Bedrock
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Figure 2. Structural fabric diagrams for the Bellows Falls 7.5- x 15-minute quadrangle according to structural domains I through V shown in figure 1; deformation history follows Walsh and others (2012). Stereonets are equal-area, west-central New Hampshire—Implications for the tectonic evolution of
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lower-hemisphere projections plotted and contoured using the computer program Stereonet version 9.2.3 (Allmendinger and others, 2013; Cardozo and Allmendinger, 2013). Planar data were converted to poles except for some S,
structures. Contour interval is 2 percent/1 percent of area. The number of structural measurements in each dataset is indicated by “n” below each diagram. In the “Lineations” row, contours are on the intersection lineation in structural
domain [; in domains 11V, contours are on the mineral lineation. In the “Folds” row, the numbers below each diagram represent the number of folds in each deformation category shown.
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v . . . . ) ) ) ) the great circles represent the approximate centers of maximum joint densities. The
v Joints—Western domain Joints—Central domain Joints—Eastern domain (north) Kink bands—All domains lower number of joints in the western domain does not indicate that the rocks are less
N N fractured, but rather indicates that a greater emphasis was placed on measuring joints
43°0730"

in the present study than in the previous study by Armstrong (1997). Rose diagrams
of joints having dips greater than 59° are plotted for each domain and the strike of the
maximum petal is indicated, as measured using the right-hand rule. B, Map of
outcrop-scale brittle faults. Equal-area, lower- hemisphere stereonets of poles (black
circles) to faults and kink bands are contoured at 2 percent/l1 percent of area;
slickenlines on brittle faults are plotted as red diamonds. The great circle represents
the approximate center of maximum density of fault data. Rose diagrams of faults
and kink bands having dips greater than 59° are plotted, and the range of the principal
strike trend is indicated. The number of structural measurements in each dataset is
indicated by “n” below each diagram. Stereonets and rose diagrams were constructed
using the computer program Stereonet version 9.2.3 (Allmendinger and others, 2013;
Cardozo and Almendinger, 2013). Note that the symbols for joints and kink bands in
map A and outcrop-scale brittle faults in map B are not shown on the geologic map
on sheet 1.
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Figure 1. Tectonic map showing the tectonic units, major structural features, and distribution of metamorphic indicator minerals and isograds in the Bellows Falls 7.5- x 15-minute quadrangle. In the different limbs of F; Acadian fold nappes, the facing direction of Clough Quartzite is indicated as “upright” or “overturned.” Major rivers and brooks were traced from
topographic maps. Diagram shows structural domains used in figure 2. Domains are (I) the Connecticut Valley trough west of and within splays of the Westminster West fault zone; (II) New Hampshire sequence rocks of the Monroe thrust sheet (or nappe) and Skitchewaug nappe (biotite, garnet, and staurolite zones) west of the Ammonoosuc fault; (III) staurolite- and W
sillimanite-zone rocks of the Skitchewaug nappe and Alstead dome; (IV) Fall Mountain nappe sensu stricto; and (V) Fall Mountain nappe east of the Brennan Hill thrust fault.
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