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DISCUSSION mainly quartz, calcite, and dolomite, occur as vein-filling material in the cleavage
The bedrock geology of the 7.5- by 15-minute Springfield quadrangle consists planes. This youngest generation of cleavage shows variable orientations, but
of highly deformed and metamorphosed Mesoproterozoic through Devonian includes two dominant trends that strike north-northeast and west-northwest and
metasedimentary and meta-igneous rocks that are intruded by dikes of the dip sub-vertically, which is sub-parallel to the regional joint trends and brittle faults
Mesozoic White Mountain Igneous Suite. In the west, Mesoproterozoic gneisses of (fig. 3). The kinks bands and cleavage locally exhibit fracture-parting and are thus A zi5 A’
. . . . . . TRUNCATED MONROE @D
the Mount Holly Complex are the oldest rocks and form the eastern side of the included in the brittle fabric analysis (fig. 3). The S, cleavage and the outcrop-scale FEET THRUST ALY glz FEET
Chester dome (Ratcliffe and others, 2011). The Moretown slice structurally overlies and map-scale brittle faults in the area, the latter of which generally strike 6,000 ! P . | TR 0 U e PO
the Chester dome along the Keyes Mountain thrust fault (Ratcliffe, 2000a, b; north-south and dip sub-vertically (fig. 3), are related to Mesozoic extension
Ratcliffe and others, 2011); the fault represents the ancient Ordovician suture (Red (Hatch, 1988). In the Hartland and North Hartland quadrangles to the north, the ~ Oa
Indian line) between crustal blocks with Laurentian versus Ganderian affinity kink bands are spatially associated with the Ammonoosuc fault (Walsh, 2016), but 5,000 § . e - 5,000
(Macdonald and others, 2014; Valley and others, 2015; Valley and others, 2020). sufficient data were not observed in this map area to demonstrate spatial correlation I Z
The allochthonous Cambrian through Ordovician Moretown slice includes the between kink bands and brittle faults. The youngest deformation is characterized by - § - =§O
Moretown and Cram Hill Formations and the North River Igneous Suite. Silurian Mesozoic brittle faulting, kink bands, motion along the Ammonoosuc and 4,000 S 3 3 4000
and Devonian metasedimentary and metavolcanic rocks of the Connecticut Valley Grantham faults and smaller unnamed faults, and subsequent jointing. Locally, fault g U (FILUARERY _ E S
trough (CVT) unconformably overlie the Moretown slice. The easternmost extent surfaces with slickensides suggest brittle reactivation of the dominant foliation § G"dde"cfEH'" -
of the CVT in New Hampshire is exposed in a belt of rocks south of the Claremont surfaces as well as reactivation of many ductile faults including the Keyes 3,000 . 9 2 3,000
Airport, which is contiguous with the Meriden antiform in the North Hartland Mountain and Skitchewaug Mountain faults, and faults of the Sumner Falls shear E :;E'
] . —
quadrangle to the north (Walsh, 2016) (fig. 1). Ordovician to Silurian and Devonian zone and Northey Hill shear zone. 2000 3 § % > ; -
mgta_sedimentary and meta.igneous rocks of the NeW Hampshire sequence (NHS) METAMORPHISM AND TECTONIC HISTORY ’ g & % i) g ,
(Billings, 1937, 1956; White and Jahns, 1950; Ratcliffe and others, 2011; Rankin i Skitchewaug ) o g 3 z
and others, 2013) structurally overlie the CVT along the Monroe thrust fault. The Rocks of the Mount Holly Complex in the core of the Chester dome may have Mountain 2 s S =
’ . : . . reached hornblende-granulite-facies metamorphic conditions during the 1,000 DSwg O Oqdu 1,000
oldest part of the New Hampshire sequence was built on Ganderian crust (Rankin . 4 i . . . DSn DSwl SURFACE = Oa 9 )l
and others, 2013) and consists of Ordovician metamorphosed volcanic, plutonic Mesoproterozoic Grenville Orogen (Rivers, 2012), but direct evidence of Grenville ol 2l i<
and se dirn’entary rocks of the Bronson Hill arc including the Am;nonoosu(; granulite-facies metamorphism is lacking (Ratcliffe, 2000a, b). The basement rocks c
Volcanics, the Partridge Formation, and the Oliverian Plutonic Suite. The subsequently experienced staurolite-kyanite-zone (lower-amphibolite-facies) SEALEVEL SEALEVEL
AmmonO(;suc Volcanics are the base (’)f the exposed section in the map area. The metamorphism during the Ordovician Taconic and Devonian Acadian metamorphic
Bronson Hill arc rocks may be partly correlative with rocks of the Shelburne Falls events. Paleozoic metamorphism reachfad amphibolite-facies conditions in the
arc found in the Moretown slice (Valley and others, 2015). The Bronson Hill arc Mount Holly Complex, the Moretown slice, the eastem part' of the N,HS’ fmd the 1,000 1,000
rocks are exposed in fault-bounded structural belts, including the Monroe thrust western part of the CVT, but never gxceeded greel.lschlst-facws condlthns m part.s
sheet, the Claremont belt, the Sugar River and Unity domes, and the footwall of the of the cen‘Fral C VT and NHS during the ,Acad,lan orogeny. NO relict-Taconic
Brennan Hill thrust fault. Collectively, these belts form the regional Orfordville metamorphic mineral assemblages are recognized in the pre-Silurian rocks, perhaps 2000 X 2,000
. b . . . . . «\
S . S . due to the thoroughness of recrystallization associated with the Acadian AR
anticlinorium and the western part of the broader Bronson Hill anticlinorium in ; hi it %6@47
tern New Hampshire (fig. 1). Silurian to Devoni tasediment ks of MEtamorpic overprint. . 56
wester Rew LampSHITe ( i ) LA fo Uevomiall meraseaimentaly Tocks o The Monroe thrust fault carried the NHS rocks over the CVT during an 3,000 — é:}(?;\ 3,000
the Clough Quartzite, and Fitch and Littleton Formations unconformably overlie . o . )
the Bronson Hill arc rocks. These rocks are crosscut by Devonian granitic and early-Acadl'an F, nappe-stage eve'nt that pre-datec} lower-amphlbollte-fac1es peak -7
pegmatitic dikes and sills of the New Hampshire Plutonic Suite including the metamorphism. The onset of dm,mm,g occurred during F, folding ?nd defgrmed the Yog N
39943 Ma (mega-annum) Bethlehem Granodiorite (Merschat and others, 2015). At Monroe thrust sheet, folded earlier isograds, and created the Meriden antiform and 4,000 — 4,000
least six post-tectonic Cretaceous mafic dikes occur in the map area Th;: dikes.are related dome structures (fig. 1). Doming continued, suggested by the deformation —— Sy apparent dip —— Sy apparent dip T, motion toward observer; A, motion away from observer NO VERTICAL EXAGGERATION L CLAREMONT BELT ————! - |1&000 f$9t=305tmﬁters
more numerous in the adjacent Mount Ascutney quadrangle where they show a of D, structures by D structures. Lower-greenschist-facies (Alleghanian) faults and —— S,apparentdip - Axial trace of F4 fold urficial deposits are not shown
similar preferred northeast trend (fig. 3 of this report; Walsh and others, 2020). she'ar zones such as th? Northey Hill, Westminster West (fig. 1), Sumner Falls, and
Table 1 summarizes the results of uranium-lead (U-Pb) zircon geochronology from Skltchewaqg .Mountam fault, truncated F, folds and f?ults as well. as peak-
samples collected in the map area metamorphic isograds, and are defined by zones of pervasive retrogression. These
' faults experienced a protracted history and played a major role in creating the
STRUCTURAL GEOLOGY metamorphic discontinuity that is documented across the Connecticut River Valley, FEET FEET
The oldest structure in the Springfield quadrangle is a relict gneissosity in the indicated by amphibole and muscgvite OAr/PAr ages of ~'380 and ~330 Ma in 6,000 6,000
Mesoproterozoic Mount Holly Complex in the Chester dome. At or near the contact Vermont, and ~330 and ~270 Ma in New Hampshire (Harrison and others, 1989; POSSIBLE PROJECTED
with the cover rocks, the Mesoproterozoic gneissosity is parallel to a penetrative McWilliams and others, 2013; McAleer and others, 2014, 2015, 2017; Walsh and SITCHE o o T FALT
foliation that is a second-generation foliation in the pre-Silurian cover rocks. This others, 2017). Additionally, in the vicinity of the Bald Mountain shear zone in the 5,000 5,000 p \ 5 \ c Trond of

adjacent Mt. Ascutney quadrangle (McAleer and others 2017; Walsh and others,

2020), *°Ar/*Ar data from muscovite record a mixture of cooling ages of ~300 Ma

and crystallization ages of ~245 Ma. The younger ages are recorded by muscovite 4,000
that defines the shear-zone fabric and pseudomorphically replaces staurolite. These
younger ages (~300 and ~245 Ma) extend the period of ductile deformation and
down-to-the-east normal extension that occurred in the area and lasted into the
Triassic (McAleer and others, 2014, 2015, 2017). Taken together, the relative- and
absolute-age constraints suggest that peak metamorphic conditions developed
during the Acadian orogeny and that retrograde greenschist-facies metamorphism
occurred during the Alleghanian orogeny. Spear and others (2008) document
monazite ages that range from ~430 to 290 Ma. This wide range of ages suggests
monazite growth or recrystallization occurred during both the Acadian and
Alleghanian orogenies. The recognition that peak metamorphic assemblages are
truncated along major faults associated with lower-greenschist-facies fabrics led
Spear and others (2008) to propose a major Alleghanian fault along their “western
New Hampshire boundary thrust” or the informally named “chicken yard line”
(Trzcienski and others, 1992); the fault is now mapped as the Westminster West
fault zone (fig. 1) (Armstrong, 1997; Armstrong and others, 1997; Ratcliffe and 1,000
others, 2011; McWilliams and others, 2013). This fault zone is now recognized as

continuous with the Sumner Falls shear zone (this study; Walsh, 2016; Walsh and

others, 2020). Other mapped faults including the Woodbury Road and Skitchewaug 2,000
Mountain faults, as well as those located in the Bald Mountain shear zone (fig. 1)

and Northey Hill shear zone, share a similar history (this study; McAleer and

others, 2017). Apatite fission track data indicate that the brittle Ammonoosuc fault 3,000
was active prior to about 100 Ma and experienced little to no reactivation in the
Cretaceous, but other regionally significant older, ductile shear zones (such as the
Northey Hill shear zone) experienced Late Cretaceous (~80 Ma) brittle reactivation
(Roden-Tice and others, 2009). Additional apatite fission-track data suggest some
Cretaceous activity on regional brittle faults (for example, the Grantham fault) may
have extended into the Paleocene (Schnalzer and others, 2015). The sense of
displacement along faults shown on sheets 1 and 2 is provided where known, but
given the protracted history described above, the faults may be reactivated with |

second generation foliation is axial planar to abundant isoclinal and reclined folds
of both the gneissosity in the Mount Holly Complex and the schistosity in the
younger pre-Silurian rocks. This fabric is interpreted to be a relict Taconic foliation;
perhaps related to movement along the Keyes Mountain thrust fault. A younger, and
almost certainly, Acadian foliation is also found sub-parallel to this older Taconic
foliation in the pre-Silurian rocks.

In contrast to the rocks in the Moretown slice, there is no clear evidence in the
remainder of the map area for an Ordovician deformational fabric in the exposed
pre-Silurian rocks in the Bronson Hill arc. Documented Ordovician deformation is
scarce in the Ammonoosuc Volcanics in New Hampshire (Rankin and others,
2013). This observation, coupled with regional evidence for widespread Ordovician
deformation in the Albee Formation beneath the Ammonoosuc Volcanics (Rankin
and others, 2013), implies that the Ammonoosuc Volcanics may post-date regional
deformation that is related to the Penobscottian or Taconic orogenic episodes
(Boone and others, 1989; Rankin and others, 2013).

The oldest foliation in the Silurian and Devonian rocks of the CVT and NHS
is a layer-parallel Acadian schistosity (S,) that contains rarely observed Acadian
isoclinal folds (F,). These folds are the nappe-stage folds of Thompson and others
(1968). The overturned, and subsequently truncated, fold-nappe on Skitchewaug
Mountain is the type locality (Thompson, 1954; Thompson and others, 2012) for
the fold-nappe theory of Thompson and others (1968). This theory was later
modified to include thrust faults (Robinson and others, 1991), and the major
structures which floor the early Acadian folds are shown on this map as the Monroe
fault (Ratcliffe and others, 2011; Walsh, 2016) and the Brennan Hill thrust
(Robinson and others, 1991). Transport along these early faults was generally
southeast to northwest (fig. 4) as indicated by the orientation of abundant lineations
that include highly stretched pebbles and sub-parallel fold axes. The sub-parallel
mineral lineations and fold axes indicate very high strain, and this combined with
map patterns suggests the Acadian F, “nappe-stage” folds likely developed as
sheath folds at this time (fig. 4). Significant tectonic mélange is present along the
base of the Monroe fault in the area around Chestnut Hill. Only in the hinge regions
of these early F, folds, or in areas where bedding is massive (such as on the
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Figure 4. Diagram showing the D, sheath-fold model and stereonet and rose diagram results for the structural orientation of stretched-pebble lineations in the Springfield 7.5- x 15-minute
2,000 quadrangle. A, Stereonet shows contoured poles to stretched-pebble lineations in the Springfield 7.5- x 15-minute quadrangle with the principal-peak trend measured at 307° and the plunge

measured at 54°; most of the data comes from the area around Skitchewaug Mountain. The girdle in the contoured lineations is due to subsequent D, through D, deformation. B, Rose diagram

showing the same principal peak as in A with the trend measured at 306°+11°; the number of structural measurements (n=51) in the dataset is indicated at the bottom of each diagram. C,
3,000 Schematic block diagram illustrating the D, sheath-fold model (modified from Alsop and Holdsworth, 1999; p. 1,345; https://doi.org/10.1016/S0191-8141(99)00099-1. The block diagram
shows culminating F, anticlines and F, synclines in a sheath-fold geometry. A hypothetical detachment surface (Monroe thrust fault, blue plane) illustrates an interpretation shown on cross
section B—B'. The observations are consistent with a sheath-fold model for D, structures in the upper plate of the Monroe thrust fault in the map area. In combination with the unconformity at
the base of the Littleton Formation (Elbert and others, 1988), the model is one explanation for the apparent lack of stratigraphic symmetry between culminating F, anticlines at Skitchewaug
Mountain and Barber Mountain due to the extreme attenuation between opposing folds. An alternative hypothesis that is difficult to test due to the lack of exposure, involves significant
— displacement along the Skitchewaug Mountain fault, which may project into the line of cross-section B—B'. Evidence for high-strain during D, deformation comes from mylonitic fabric along
the Monroe thrust fault, isoclinal and locally rootless F, folds, rare observations of sheath-fold geometry (especially in limestone or marble), and region-wide elongation of stretched quartz
pebbles and cobbles (especially in the Clough Quartzite) (Billings, 1937; Thompson and others, 1968; Rumble 1969; Kohn and others, 1992). The trend of stretched-pebble lineations is
regionally northwest-southeast, which is considered the D, (or nappe-stage) transport direction (Rumble, 1969), and the trend is locally modified by D, deformation (Kohn and others, 1992).
The stereonet (A) and rose diagram (B) were plotted using the Structural Data Integrated System Analyser (DAISY 3, version 5.08-9) software by Salvini and others (1999) and Salvini (2016).

4,000 — 4,000

The thickness of the Littleton Formation at its type locality (Littleton, N.H.) is estimated to be between 5,000
about 1,400 to 1,620 meters (4,600-5,320 feet), but its maximum thickness is unknown in the map

area because it is the youngest metasedimentary unit in the New Hampshire sequence (Billings,1937).

Its maximum thickness that is projected above the surface line is shown for illustrative purposes only.

5,000 —

richt limb at Skitchewaue Mountain) is it ible t ine that i varying senses of motion. Recent 1:24,000-scale geologic mapping and supporting 6,000 : 6,000 1g U lctur: m. ' . . : .
fl)éltjoigdr;ll)elg to a fOliitiOil ev}\;;}gl ﬂ(l): ClV?F sangoisugse ?oscelfsbec(icll tagin thiz research in the Connecticut Valley from Lebanon, New Hampshire, to Bellows —— S, apparent dip —— S, apparent dip T, motion toward observer; A, motion away from observer NO VERTICAL EXAGGERATION The Monroe thrust fault is the hypothetical detachment surface 1,000 feet = 305 meters Arrows on the detachment surface (Monroe thrust fault) indicate direction of movement. Permission to use the block diagram (€) was obtained from Elsevier at https://www.sciencedirect.com/
first-generation (Acadian S,) .schistosity. The S, foliation developed prior to peak Falls, Vermont, provides new evidence for the tectonic evolution of the valley and e Axial trace of F fold in the sheath-fold model illustrated in figure 4C. Surficial deposits are not shown science/journal/01918141. Abbreviations: A, away from observer; T, toward observer.
metamorphism that reached as high as staurolite and sillimanite grade (this study; demonstrates that it is the locus of complex faulting throughout its Phanerozoic
Spear and others, 2008; McAleer and others, 2017). history (Walsh and others, 2017).

The second-generation planar fabric (S, foliation) in all the Silurian and
Devonian rocks varies from a non-penetrative cleavage to a penetrative schistosity.
F, folds associated with the second generation planar fabric S, foliation vary from
open to isoclinal with generally consistent gentle plunges to both the north and 7999730" 79995' B’ 72°22'30" CLAREM%EIUT BELT

72°17'30" 72°1%'
T

43°22'30"

south, but locally the plunges are quite steep, especially in shear zones. Acadian S, ' B 2
if[ld StZ are tll.le mIi) st (;10 mgiant’ tsvr Viiibly ;otr:sp icuous, pli‘ln ?r fa:lbﬁc.s ?tsﬂ;_ Ofltﬂie Co"\‘/"AEE;'(CUT % Joints—West domain Joints—Central domain Joints—East domain

oretown slice. Locally, these two planar fabrics are parallel and it is difficult to .

. . . MONROE
discern one from the other. In such places where only a single penetrative ONRO MONROE TROUGH MOIROR ] Sy Rhver plion

S . . o = THRUST THRUST FAULT THRUST FAULT S and dome
schistosity is observed, and no crosscutting relative age relationships can be 2ig FAULT %
discerned, a dominant foliation symbol is used on the map (S,). &
The Acadian S, schistosity and younger S, foliation are deformed by a SReSion o [ . EXPLANATION

minimum of two younger cleavages (S; and S,). The next youngest generation of dome : S Zzp Tectonic Belt

planar features include broad to open folds (F,) with both gentle and steep fold
hinges and associated millimeter- to centimeter (cm)-spaced crenulation cleavage
(S;). The F; and S; structures have many different orientations, although they most
commonly strike northeast and dip either vertically or steeply northwest, and
locally exhibit sinistral sense of rotation (fig. 3). They are, in part, related to the last
stages of doming, and the older S, schistosity and S, foliation are deformed by
them. It is not certain whether these younger "dome-related" F, and S, structures
are entirely coeval across the map; the S, schistosity is interpreted as Acadian, the
S, foliation is interpreted as Acadian to Alleghanian, and the S, cleavage is
interpreted as Neo-Acadian, Alleghanian, or younger. Late-stage F; folds locally
show a left-lateral sense of rotation and are probably related to late dome-stage
Alleghanian deformation or motion along lower-greenschist-facies regional faults
at around 300 Ma (McWilliams and others, 2013) or between 310 and 280 Ma
(McAleer and others, 2017). The S, cleavage and associated F; axial surfaces show

Mesozoic fault rock—Silicified zone

270° 270° 90° 270° 270°

Weathersfield

Bow Puckershire

Paleozoic tectonic mélange and fault rocks

Contours

: : B ; Contours
New Hampshire Plutonic Suite (Devonian) Contours

Bethlehem Granodiorite 4%

Granite and pegmatite 12% 8% ?
14% 180° 180° 9% 180° 180° 12% 180° 180°

Littleton Formation (Devonian) n=212 (dip>59°) n=386 (all dips) n=311 (dip>59°) n=109 (all dips) n=98 (dip>59°)

n=245 (all dips)

1siyosuaalb

= ]7nv4 avod AdNgaoom !

5
o)
iy
~
(%]
>
1
I3
$
K
S
o
S
LLUIJ Fitch Formation (Silurian)
X
¢

Clough Quartzite (Silurian) 72°27'30" ' 72°2|2‘30“ 72°17'30"

43°22'30" ‘ T

EXPLANATION

08 UCNCHER NN

. . 43°20°
a preferred.n.ortheast strike gnd modc?rate no'rthwest d.1p (fig. 3'). The S'3 cleavage O§’ Rangeley Formation (Silurian) Brittle faults—All domains .
locally exhibits fracture-parting and is thus included in the brittle fabric analysis N Structural domain
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gg .......... Isograd or coincident fault contact—Isograds formed during peak-Acadian Cretaceous mafic dikes (Kd)—All domains Kink bands (S, cleavage)—All domains
> regional metamorphism N
Chester dome Figure 3. Structural domain map of the Springfield 7.5- x 15-minute quadrangle with summary stereonet and rose diagrams showing the
structural orientation results of measured outcrop-scale brittle features across the map area. Structural domain boundaries are divided by the
Ammonoosuc fault zone (divides the west and central domains) and the Grantham fault (divides the central and east domains). At top of map,
5 lower three pairs of stereonets and rose diagrams show the orientation results for joints from the west, central, and east domains. At right of map,
%@’3' E greﬁnlslg:i'tsg stereonets show the orientation results for S, cleavage and kink bands (S, cleavage) for all domains. At left of map, stereonets and rose diagrams
633» § § 43°15° ! L 270° show the orientation results for brittle faults, quartz veins (KDq), and Cretaceous mafic dikes (Kd) for all domains. Note that the brittle faults are 270°
z - B not plotted on the maps (sheets 1 and 2). The strike and dip symbols for joints are not shown on the geologic map (sheet 1). Also, the limited
Blueiing SCALE 1:50 000 Contous . number of joint measurements in the west domain reflects limited fracture data collection in the previous study by Walsh and others (1996a, b) o
§ J f 1 112 0 1 2 3 4 MILES g"fu and does not indicate that the rocks are less jointed in the west domain. Pairs of diagrams include a stereonet (left) and a rose diagram (right). For o
= ' ' ' ' 12 ‘ all stereonets, contoured poles to the associated brittle features are shown. For all rose diagrams, a normalized subset of the data is shown in the
[ ! 2 S 4 SKILOMETERS % corresponding stereonet for dips >59°, and principal peaks are shown with 1 standard deviation error (for example, 278°+13° for the joints in the
2% west domain). The number of structural measurements in each dataset is indicated by “n” at the bottom of each diagram. Stereonets and rose
0% 180° 180° diagrams were plotted using the Structural Data Integrated System Analyser (DAISY 3, version 5.08-9) software by Salvini and others (1999) and
Figure 2. Te.ctonic map shqwing .the major structural features of the Springfield 7.5- x 15-minute quadrangle. Th.e map is characteri.zed by fault-block domain§ that truncate and deform stratigraphy, Acadi.an F, folds, and metamomhic isograds. Retrograde lower-greenschist high-strain n=6 (all dips) n=5 (dip>59°) Salvini (2016). Consult the geographic information systems (GIS) database for the complete dataset.
S zones occur in the Connecticut River Valley along the Sumner Falls shear zone, the Woodbury Road fault, the Skitchewaug Mountain fault, and the Northey Hill shear zone. The Sumners Falls shear zone is a splay of the Westminster West fault zone (Armstrong, 1997; McWilliams and
%;35 others, 2013). These zones show evidence for both ductile and locally brittle deformation during the protracted Acadian and Alleghanian orogenic events. Major Mesozoic brittle faults include the Ammonoosuc and Grantham faults. Note that the Sumner Falls shear zone is informally
J— called the “chicken yard line” or “western New Hampshire boundary thrust” by Spear and others (2008). KDq, Cretaceous to Devonian quartz veins.
dome
43°07'30"
0 4 8 MILES
| T r ! This research builds upon a preliminary map covering the Vermont part of the scale 1:24,000, 40-p. pamphlet. [Also available at https:/pubs.er.usgs.gov/ by mafic magmas based on Sr and O isotopic and major element relationships: McHone, J.G., 1984, Mesozoic igneous rocks of northern New England and Ratcliffe, N.M., 2000b, Bedrock geologic map of the Chester quadrangle, Windsor Salvini, F., Billi, A., and Wise, D.U., 1999, Strike-slip fault-propagation cleavage in Oct. 9—11, 1992, Guidebook for field trips in the Connecticut Valley region of
0 6 12 KILOMETERS area by Walsh and others (1996a, b). Previous mapping in the area included several publication/ofr97284.] Contributions to Mineralogy and Petrology, v. 90, no. 4, p. 331-345. [Also adjacent Québec—Summary, description of map, and bibliography of data County, Vermont: U.S. Geological Survey Geologic Investigations Series Map carbonate rocks—The Mattinata fault zone, Southern Apennines, Italy: Journal Massachusetts and adjacent States: Ambherst, Mass., University of
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