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A-3

STRATIGRAPHY, STRUCT IE{/\ OF THE 'DORSAL ZONE',

URE., AND METAMORP

CENTRAL NEW HAMP
J. Dykstra Eusden Jr.

Department of Earth Sciences, Dartmo

Ut
Hanover, NH 037?5; gcurrent) Department
Bates College, Lewiston, ME 042

INTRODUCTION

The purloose of this field trip IS to examine the bedrock geolog%of the Gilmanton, New Hampshire, 15

minute. quadrangle and Immediate s_urroundi_n% area. The strati]gra Ny, Which forms a link between the sections
extending east from the Bronson Hifl anticlindrium and west from the Camppell Hill Nopesuch River fault zone, and

a pew structural model for the complexly deformed metasedimentary rocks of this area will be presented. The nature
of regional metamorPhlsm and radlometric age dates that constrain“tne timing of plutonism and metamorphism will
pe examined. The ultimate goal of this field frip Is to present a conerent geologic model for the region, based on

structural, petrologic, and géochronologic data.
REGIONAL GEOLOGIC SETTING

This study focuses on a group of rocks belon in_% to the Kearsarge-Central Maine Synclinorium (Lyons and
others,.1982) formierly the Merrimack Synclinorium of Billings §1956) angl also called the Merrimack Belt by

8eologi_sts N Massachusetts (Zen et. al. "1983). This IS Interpreted &s a Iar?e Silurian to early Devonian
epositional basin that was multiply deformed and metamor;ghosed during the Acadian and Alleghanian (?)

Orogenies

Since the Introduction.of the name Kearsarge-Central Maine Synclinorium by Lyons and others in 1982,

there has been semantic confusion when describing e major geologic gatures In this region. The recent mapping
I%students of John Lyons at Dartmouth College, Peter Robinson af University of Massachusetts, and Wallace A

o Gey
i 0y

thner aR the University of New HamPshire Nas sh?wn that there 1S not Aust 0ne ﬁYncIinorium N this tract of rocks,
put several, with Intervening anticlinorla (for example see: E. Duke, 1984; P. Thompson; 1985, Eusden, 1984 and

1988). It1s clear that the Kearsarge-Central Maine Synclinorium IS an Inadequate descriptive term for the entire
region.

Eusden and otners (1987) and.John Lyons l_("[hIS vol_ume% NOW recognize the foIIo_vvmg malyor Structures In
the Kearsar%e-Central Maine Synclinorium of New am;t)shlre;t e Kearsarge-Central Maine Synclinorium (KCMS)
roper; the Lebanon antiformal syncline (LAS); the Central New Hampshire anticlinorium (CNHA); the Boundary
ountains anticlinorium: and thé Chocorua syncline. For this report the term Central Maine Terrane QCMTP (Zen et.
al., 1986) will be used to Include the rocks that extend nortneasterly from Connecticut to Maine and from he
Bronson Hill anticlinorium east to the Campbell Hill-Nonesuch River fault zone (CHNRFZ) (Figure 1). Reference
to the KCMS 1s restricted to axial trace of fhe Synclinorium proper through the Devonian Littlefon Formation. This
reconcilljation of re%lona,l nomenclature will probaply not sate %sologlsts that feel the.belt should extend soytheast
peyond the CHNRFZ to include the formations of thé Merrimack Group (Berwick, Eliot and Kittery Formations)
and hence would prefer to keep the term Merrimack Belt or Synclinorium as originally described by BllllngDs (1956).
However, many geologists, myself included, believe that the aforementioned Merriméack Group and Massanesic
Gneiss Compléx 1 part of a Precambrian exotic terrane quite different inorigin from the rocks of the CMT (Bothner

and otners, 1984: Lyons ana others, 1982 and 1986; Gaudette and others, 1984: Naylor, 1985)
PREVIOUS WORK
_Mappin% within the western part of the CMT, along the axis of the KCMS, from west-central New
Hampshire 10_a Yossiliferous Silurian and Lower Devonian section exposed near Rangeley, Maine has revised
the stratigraphic Interpretation of Billings (1956% (Hatch and others, 1983, Moench andBoudette, 1970;
Moench. 19843. Much of what was asmgned to the Lower Devonian Littleton Formation 1S now Interpreted as a

thick section Of Stlurian turpidites corrélative to the Ranz([}eley Maine section (Hatch and others, 1983; Nielson,
1981 Thompson, 1983, 1984, 1985; Chamberlain, 1984 G. Duke, 1984 and'E. Duke, 1984)
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In southeastern New Hampshire and agjacen_t southwestern Maine the metasedimentary rocks in this part of
the CMT were previously magpe_ as Lower Devonian Liftleton . Formation by Bllllngs 2195 Stewart (1961,
Alton quadrangle), Healo 5195 Gllmanton quadrangle), and Camein (1976, Suncook quaqr ngle and s the

Shaplelgh Grolp by Hussey (1962 and 1968, York oun%l\/\ame) and Gllman (1977 ana 1978, Newfield ang Kezar

Falls, Maine oguadrangles). Fusden and others (1984 and 873 subdivided these yocks into five lithostratigraphic
UNIts and remapped & second maljorS nclinorium In the Central Maine Terrane, the Lebanon Anitformal syncline.
The units In this area were correlated 1o the Siluro-Devonian Rangeley, Maine section and the central New

Hampshire section In the KCMS,
STRATIGRAPHY

The str_at_lr%;raphlc sectlon In the Giimanton quadrangle Is different from the memoers of the Littleton
Formation as originally defined by Heald (1955). Heald r_eco%nlzed the Durgin Brook, Pittsfield and Jenness Pond
Members of the Littleton Formation. Few similarities exist between Heald' stratigraphy and that presented here and
1t 1S proposed that the former pe abandonned. The revised stratigrapny, presented below, was determined by . .
examining primary stratigraphic to pln% directions at the contacts bétween units and, once estanlished In critical

localities, by using strucfural data to determine the superposition of the formations.

| ittleton Formation

“In the Gilmanton quadrangle the Littleton IS a goarse-([]ralned grit or conglomerate with gray and rusty-
weathering lithic fragments of the Smalls Falls Formation up to 10 cm In length, as well as angular to subrounded
Vitreous quartz clasts. The matrix 1S composed of muscovite, guartz and bigtitg. Eusden and othérs (1987) informally
Nameo th_egrlt ex osure(f the Wild Goose Grits ana correlated them to a similiar lithology at the same stratigraphic
position In the Alton and Berwick quadrangles mapped by Hussey (1962) as the Towow Grits, |
~The Littleton In the Alton and Berwick quadrangles occuRles the axial trace of the Lebanon antiformal

syncline and 1s the typical ?ra well-beaded pelitic turbidite seen throughout New Hampshire and Maine. The Wild

00se Grits are restricted To the basal part of the formation at or near the.contact with the Smalls Falls Formation.

Note that here the Madrid Formation Is missing, Implying an unconformity. . |
~The Littletop 1S ?]t the top of the Paleozoic section angd because of erosion onfy minimum estimates. of tne
thickness can e made. The Littleton may have been up to a kilometer or two thick prior to erosion. The Wild

Goose Grits are thin, only about 100 to 300 meters thick.
Maarid Formation

NO outcroRs of the Madrid Formation were found In,the Gilmanton quadrangle. The formation which should
be found between the Smalls Falls and Littleton Formations 1s missing, and has elther been eroded away or was

Never deposited.

Smalls Falls Formation

~The Smalls Falls 1s a red-brown to dark brown-black, deeply rust -vv_eatherlng schist with p%rrhotlte_and
occasional grapnite, Infrequent sulfidic quartzite layers, up to several’cm In thickness, are seen withid the schist. The
overall appearance 1 a well foliated, very crumbly Tusty schist that Is almost always crenulated by late small-scale

KINK-type folds. The outcrops weather edsily, and"as a result natural outcrops are not as abundantas those from other
more resistant formations. However, the pyrrnotite renders the formation moderately magnetic and positive magnetic
anomalies coincide with the map pattern In this area (Bothner and others, 1988) allowing It to be tracked easily. The

Upper and lower contacts are marked b¥ an abrupt loss of the distinct]ve rust%/ weathering. |
N the Gilmanton quadrangle the Smalls Falls 1s between 100 and 500 m thick”. To the northeast In the

Alton guaarangle and Berwick quadrangle It has a wide range of thicknesses. In places It Is apsent due to non-
deposition, erasion or faulting %?). Clasts of Smalls Falls 1n the Wild.Goose Grits suggest that the true thickness

\éveapso%irﬁg%bly greater and that'erosion pronanly played a greater role In its thickness distribution then non-
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Perry Mountain Formation

The Perry Mountain Formatjon ii a well-nedded, gray schist and o‘uartzife. The (iuartzite can e guite thick,
commonly 10.cm™and up to 1 m, ana Is almost always ‘cléan’ meanlng‘wth lIttle mica In It. In a few places tne

Perry Mauntain 1s moderately migmatitic but It Is In“general .not as easlly migmatized as the Rangeley Formation.
Int eGﬂmanton quadran Ie¥he f%rmat_lon Nas heen a(ﬁ}w ea INto two me%ber%. The sty?e of e(?dl% |¥ jdentical In

nerg|
each memboer. The upper errY Mountain Is characterized by pink garnet pluS quartz caticules that ogcur WIthIn ang
toward the base of the qu_artm e Deas, and also py the lack of or extremely rare calc-silicate boudins or ‘footballs'. The
cotlculeé_are 10 5.cm thick, discontinuous stringers and pods, often more complexly folded and deformed then the

surroun mg quartzite. . | g | o |
The lower Perry Mountain Is characterized oy calc-silicate boudins that occur most often within the quartzite

pedas, and y the lack ofany coticules. The calc-sificate boudins have rims of biotite, quartz and.plagioclase and are
lark gr% N color; the corgs are I|([1hter I, color, white tcl) grar?/OI lggsdfgommonly stand out as elliptical resistant

Knoog. They are composed of quartz, plagloclas,e, grossular a equently diopside. |
The Perr}/ ountain. 15 anout 400 to'500 m thick; The upper Perry Mountam 1s anout 200 to 300 m thick and the
lower Perry Mountain 1s about 100 to 300 m thick.

Rangeley Formation

. The Rangeley Formation Is the most varied of all the formations In the strat| raghy. The three folo
supdivision used In this study Is not used elsewnere. For example, Lyons and others (1986) subdivide the Rangeley
INto upper and lower members,onIP/. Moench and Boudette (1970) have identified R_angele_?(/A B and C; thougn
threefold in subdivisjon, these lithologies are coarse conglomerates and turbidites quite Unlike those magped N the
Gllmanton quadrangle or elsewnere 17 central New Hampshire. The middle and lower Rangeley of the Glimanton
quadrangle are together equivalent to the lower Rangeley of Lyons and others (1986) ana, the Upper Rangeley IS
equivalent to thelrquer angeley. | o N | |

The upper Rangeley Is & red-brown, rusty weathering, often g‘raphl_tlc sehist and, sulfjdic quartzite. Unlike
Lyons and others (1986) upper Rangeley there arg no, or only rare, cdlc-silicate bouding in this unit. The upper
Rangeley aiffers from the_Smalls Falls formation by the greater aoundance of quartzite beds and.the much lower
abundarice of Ryrrhotlte. The ﬂuartzne peds are thin, from 1to 5 cm. Positive ma([metlc anomalies, commonly
assoclated with'the Smalls Falls, are not seen_in conjunction with the mapped pattern of the uPper Rangeley
(Bothner et al., 1988). The rock weathers_easily, and 1s often crumply and not well exposed; 1t commonly crops out
In the low-| mg_areas of the quadrangle. The contact with the overlylngz Perry Mountain Formation IS abrupt and
gnc?]r}étednb?/hg % ! hsaeplgearance 0f well-Dedded turbidite in the Perry Mountain, dnd the appearance of rusty-weathering

St | .

The middle %an eley 15 @ well-bedded schist and quartzite with no calc-silicate boudins, Beading s apout 3
to 10.cm thick and graded beds are not usually seen dug to the abrupt transition detween quartzite and schist This
10CK 1S qquite similiar to_the parts.of the Perry Mountain that have no calc-silicate boudins or garnet coticules, The
contact with the upper Ran?eley S anrupt, and like the contact between tne Perrg Mountain,and upper Rangeley, It
s marked by the 10Ss of rusty-weatnering schist and the appearance of gray well-Dedded turbidites. |

~The lower Rangeley 1s a massive to well-edaed, calc-silicate boudln-bearlng, hiotite granofels. 1t Is purple
to gray In color. Bedding Is defined by alternating layers of schist and granofels and 1S highly variable In thickness,
ranging from Lemup to I m. The calc-silicate boudins are elliptical ano mlneralo?lcally 70Ned. Th% nave dark
gray rims of biotite, quartz and plagioclase and light %ray to White cores of plagloclase and quartz, with green and rea
Spats of ?rossular and diopside. The cores often Stand out as resistant knobs I gutcrop. The long axes of the houdins
are parallel to the plane of bedding, Almost every outcrop In the belt of lower Rangeley has at [8ast one boudin In It.
The contact with the middle Rangéley Is gradational and was drawn on the first appearance of calc-silicate boudins as

one moves down-section.
Rangeley Formation Migmatites

~.Much of the Rangeley Formation Is extensively migmatized in the Gilmanton quadrangle, The term raggec
migmatite’ has peen used by E. L. Boudette to describe these rocks. They also fit the description of stromatic or
layered migmatites as classified by Ashworth (1985). The leucosomes are tyé)_lcallyblebs_, DOtS OF Stringers within a
melanosomatic schist matrix %uvmqblt a ragoed appearance. The migmatites display classic gneissic Iayerl_nq. The
migmatites are incontrovertinly embrechitic, meaning that the gneissic layering can be tracked to |nd|sBut|be |
pedding and that the two fabrics are parallel and essentially oné and the same. This has been borne out by following
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well-bedded Rangeley to migmatitic Rangeley with no change In attitude but only a change In texture and
mmeraloPy. There aré manye Flaces where calc-silicate.boudins In mlgmatltes Wriich are considered markers of

p_rlmlary faée_rmg, are parallel to gneissic layering, again demonstrating that the bedding and migmatitic foliation are
Similiar faprics. N . . .
There are many possible origins for the, segregations, or leucosomes, of quartz, plagioclase, plus or minus

muscovite and sﬂhm_amﬁe. They could pe anatectic leucosomes, reE)Iacements after metamowhlc K-felds%ar, and/oy
augen that grew auring deforniation, Though most of the segregations are deformed or snow at least some type of
KInematic faoric that could be assoclated with shear zones or mylonites, It Is believed that the deformation may have
only enhanced the leucosomes.and not_ﬁ)roduced them. |

-~ Theentire Rangeley In the Gilmanton quadran(?le s between 1000 and 1500 m thick._The complete
thickness 1S not well constrained because the bottom of the formation has pot been observed. The three members are
all of rougnly equal thickness. There are Rlaces, however, where the miqale and upper Rangeley tnin to onfy a 100 m
Or 1ess In"thickness. This may be due either to tectonic or stratltgraphlc/sedlment 0QIC thlnnmnghe thickness of
these memboers varies consigeranly across strike; for example in the Alton quadrang|é the, upper angele%/ thins to
only a few tens of meters wide. These thickness variations can be attributed to facies variations witrin the Sifuro-

Devonian nasin.
STRATIGRAPHIC CORRELATIONS

The stratigraphic section In the Gilmanton quadrangle Is ve@/ similiar to the sequences of Stfurian and
| owver Devonian metasedlmentarg r0cks described by Moench and Boudette (1970) in the CMT In west-central
Maine,_by Hatch and others (1983) In central New Hampshire CMT and by Eusaen and others (1984; 1987) In the
| AS. The sequence anc |I'[h0_|0([1leS of the sections match well. It Is propoSed herein that the Rangeley, Perry
Mountain, Smalls Falls and Littleton Formations mapped in the Gilmanton uadranﬁl_e correlate o the formations
with the same names In the LAS and KCMS of New Hampshire and the type section In the Rangeley, Maine area

. This_correlation [mplies that the a%es of the metasedlmenta% 10ckS I the Glimanton quadrangle are
Silurian and Devonian, rather than entirely Devonian, and forms a link between the units of the LAS (Eusden and
otners, 1984 and.1987) and the formations In central and northeastern New Hampshire along the KCMS (Hatch ano
others, 1983; Nielson, 1981; Thompson, 1983 and 1984, Chamoerlain, 1984, G. Duke, 1984, E. Duke, 1984). In
spite of the lack of paleontological and Isotopic control, lithic type and sequence strongly support this correlation.

~ Acorrelation to the east with the Sangerville Formation of soutn-central Maine 1s quite likely for the
midale to lower Rangeley exposed In the _adgacen_t Alton quadrangle, where thin sequences of meta-liméstones crop
out These are I|th|caI/IR/ dentical to the ribdon limestone Patch Mountain member of the Sangerville. No limestones
are found west of the Alton quadrangle and It would seem likely that In this area a regional facles change occurs In
the Rangeley Formation where, to tfie east, more Sangerville-like lithologies are found and, to the west, more
typical an%eley [1thologies are found, This Is In accord with a recent revision of the stratigrapny by Gilman (1938)
N southwestern”Maine which 1S probably along this proposed facies transition. Figure 2 snows the Stratigraphic
correlations across the CMT.

SEDIMENTOLOGY

The Silurian rocks of the western part of the CMT, near the axis of the Bronson Hill anticlinorium, are
nearshore sediments (quartz Pebble_ and polymict conglomerates and fossiliferous limestones) angd.to the south and
east they become more dista gturbldltes and euxinic S aIesL(Hatch and others, 1983). The transition from proximal
to qistal facles Is In places poth abrupt and gradual and has been referred to as occurring at a tectonic “hinge”" (Hatch

3%9/ I?(t)msen t1983). In simplistic terms the Ninge probably represents the transition from a shelf to a slope/rise

[t nas also been suggested from work In Maine that the Devonian part of the section may have been derived
from an easterly source iHanson and Sauchuk, 1986; Hall and others, 1976). The bounaary between the Littleton
Formation ana” the Smalls Falls, marked by some reworking and the Wild Goose Grits, may represent the position

In the section where the westerly-cerived, distal, Silurian section gave way to an onlapping, easterly-cerived, late
Sllurlan-earR/ Devonian proxm%l section. g y PPINg /
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STRUCTURAL GEOLOGY

The Gilmanton quadrangle l1es In the heart of the Central Maine Terrane &)CI\AT). 1t straddles structurally
well-studied areas to the east (Eusden and others, 1987 and 1984) ana west (Thompson, 1985: Duke, 1984: and

| yons, unpubljshed gata). By maé;opin%the complexy deformed metamorphic rocks in the Gilmanton quadrangle it
nas been possinle to link structurally these areas and'develop a conerent model of aeformation for the CMT.

Previous Structural Models

. B|II|nPs_ 51956‘) Interpreted the folds n the CMT as the product of the Devonian "Acadian Revolutjon.”
Billings' work faid the foundation for later studies and also resulted in the recognition of polydeformation, although
he dig nat categorize the foldeéi 10CKS Into a reglonal seaéjence of deformations. .The first effort In dom% that was 1n
the classic loaper on nappes and gneiss aomes along the Bronson Hill anticlinorium (BHA) by J. B. Thompson, et
al. (19683, ater reaffirmed hy Robinson and I-_Iallg1 30) and Hall and Robinson (1982). T eseqYuence 0f structural
events, longstanding In the |iterature, starts with early, west-verging nappes which are later backfolded into east-
facing structures, followed by a doming stage In which '[I%h'[ to 1soClinal folas are 7produced S)J B. Thompson, et al.,
1968), Adding to this scheme, P. Thompson (1985) and P. Thompson et al. (1987) argue for an early stage of
thrusting that 1s post nappe-stage folding and pre-backfolding.

In the central portion of the CMT, Lyons and his students (Duke, 1984; Englund, 1976; Nielson, 1981;
Lyons, 1979: ana Lyons et al., 1987 recoqmzed three major Acadian foldln% pvents: 1?_FI, early west-verging
nappes; 2) F2, broad, open folds with west or northwest-trending axes; and 3) 3, isoclinal to open folds with
northeast-trending axes.

In the east part of the CMT Eusden et. al. (1984 and 1987) recognized three major folding events: 1) Fl,
east-verging nappes; 2) F2, tight to, 1soclinal folds with northeast trending axes; and 3) F3, broad, 0pen warps with
west trending axes thaf definea major ma&pattern syntaxis. Chamberlain(1985) had independently recognized the
same sequence of folding In the Keene, NH area.

- It1s proposed here that none of these models can be uniquely apglled to the entire CMT. Based on detallgo
mapping, not only In the Gilmanton quadrangle but elsewhere in New Hampshire by Lyons and Eusden, a new four-
fold sequience of deformation IS proposed: 1)°FI, east and west verglng NapPes; 21) , 150clinal to recumbent folds
with  northeast-trending axes; 3) F3, broad, open folds with west of ndrthwest- trending axes;.and 4) F4, open to
soclinal folds with northeast-trending axes. This sequence of foldl_n? S essentially a dove-tailing of the mogels
roposed by Eusden et al. (1987) ano Ryon_s et al. (1982). Fitting Into this schemé would be the Brennan Hill and
hesham Pond thrust faults of Elbert, Robinson, and Thompson (all in this volume) which developed with or after
the F1 nappes and before tne F2 (?) backfolds. Though these faults have not been recognized In the eastern and
central portions of the CMT, the arguments for their existence In the western part of the CMT are reasonanle and
accepted here, Other faults In central New Hamfpshlre are not unllkeFI?/, put have not yet been Identified because.of the
complex stratlgraphy and facles chanﬁes. The field trips of Elbert, Robinson, and Thompson In this volume will
eview the characteristics of these faults.
The 'Dorsal Zone

Eusden etal. (1987) and Lyons (pers. comm,, 1988) proposed that between the two major synclings in the
Central Maine Terrane (CMT),. the Kearsarge-Central Maing Kncllnor_lum (KCMS) and Lebanon antiformal
syncline LAS?, there iS an anticline, the Central New Hampshire anticlinorium (CNHA), as named by J. B. Lyons.
e CNHA acts as a 'dorsal zong sghttmg the CMT Into two distinct structural styles. West of the ‘aorsal zoné' the
earIP_/l, F| nappes vergzed west only, and egst of It they verged east only: essentially mirror images of each other. The
CNHA is marked not only by outcrops of the oldest formation in the CMT, the lower Rangeley Formation, but also
py local *not spots' of Pranuh e facles metamorphism (Chamberlain and Lyons, 19832 and an unusual trend of
%%a eSt(OI_n)?(S)hgreethlmaitB 9% 2o)nce Ultramafic slivers injected into thinned continental crust, called the Concord Tectonic

This model of the geologic structure across New Hampshire 1s analogous to that now recognized as 'Pop
Up" (Butler, 1982) or "Flower™ or "Palm-Tree structures” (Ramsay and Huer, 1987) in a number 0f mountain pelts,
such as the Southém Irumide Belt, Africa (Daly, 1986). Tectonic mterpretations of the Variscan Belt in Europe (from
which the term ‘dorsal zone' was taken) (Martinand Behr, 1983), the Caledonian Belt of Norway and East Greenland
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Flgure 3. Geologic mep o central-eastern Nw Hampshire. Felatrip stop locations shown. Modified fram Lyons et al. (1986) ad Eusden (1988)
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Zlegler, 1985) and the Grampian/Caledonian of Scotland (Thomas, 1976) also show symmetrical vergence of earl
Ehrugt-nagpes ) Alf of these be?ts hfve Wldth%rough(}g/ t?we s(gmﬁ S t%at of awe CMT, areyalso complexl;? rewgolgeg an%ll
are very Similiar in cross sectional view to the model put forth here.

Flgure 3. 15 a geoloqic map of gart of New Hampshire detaifing tne area covered sz this fleld trip ang that
0f J. B. Lyons (tms volumeg hrounqh the Mt. Kearsarge and Penacook quadrangles. Figure 4 shows a schematic cross
section througn the region dnd compares It to an analogous section through the“Irumbide Orogen.

The axial trace of the CNHA, or Worsal zone', passes through the middle of the Gilmanton uadrancl1lle. It

extends south Into the Suncook and Concoro %uadran |es where It IS truncateo agﬁunst the Campbell Hifl-Ha
Mountajn-Nonesuch River fault zone. To the north It passes throug‘h the Penacook and Holdemess quadrangles,
eventually skirting the western edge of the White Mountain Batholith. The GNHA undoubtedly. ?asses througn the
metamorpnic rocks exposed In the Presidential Range_dut Its exact location Is unknown. Work'| underwaY N that
area to test the model and locate the major structures. The ‘dorsal zone' with It east and west verging structures arose

during the Acadian orogeny oy the collaspe and tight closure. of the sulsiding trough of Stlurian and Devonian age.
T%e AXIS oft%?s trough%vagl NOt far %rom,%not co%ncident with, the axial tragce of?he CNHA. g

METAMORPHISM

~Adetailed stuay of the regionally metamorphosed pelitic schists had not previously been done for the
Gllmanton Quadrang .~ = le. Adjacent areas have peen well studied (Chamberlain and Lyans, 1983; G. Duke, 1984;

and Eusaen, 198@ and several reconnaissance studies and metamorphic maps have been made encompassing the
Gllmanton Q uadrangle(Thompson and Norton, 1968; Ropinson, 1986; Lyons el al, 1986).

Thompson and Norton (1968), Robinson (1986), and Lyons et. al, (1986) all show the Gilmanton
quadrangle to be 1N metamorphic zone ] $Tracy, 1975), the sillimanjte + muscovite zone. No changes have been
made concerning the metamorpnic. zones previotsly mapped In the Gilmanton eluadrangle. However Intense

. s Bver
retrograde metamorphism dominating the mworﬂy/of_th_e quadrangle has probably obscired earlier h_q_her-grade
assemblages p0ssIDly _those representing zones IV, sillimanite + muscovite + K-felaspar, and V, sillimanite + K-

blg
felaspar, Of Tracy (1975)

- Geothermo-parometry and P-T -t path studies have been.done by Eusden 19882 I this region. The
following Is a brief discussion’of the P-T conditions during Acadian metamorphism based on this work.

| (arnet core-niotite temperatures (Indares and Martignole, 1985) range from 366° to 712°C with the majority
In the 500° to 600°C ran?e._ The region is characterized by hot and cold spats or plateaus with Tittle relationship'to
metamorphic grade. There s a brodd 600°C_plateau rougrily corresponding to the migmatized region, which would be
expected. However, also within the migmatized zone there"are several cold spots with temperatures in the 400's°C.

This type of temperature pattern was first noted b}s Chamberlain and Lg/ons 1983) and has since been founc
throughout the'central New Hampshire CMT (G. Duke, 1984: Chamoerlain, 1986; Chamberlain and Rumble, in
press). Several different hypotheses have been put forth to explain the origin of the hot/cold spots.

In southwestern New Hampshire Chamberlain (1986) suggests that the distribytion of synkinematic
metamorphic zones (and concommitant temperatures& was controlled by folding and produced these characteristic not
and cold spots. Hot spots formed over F2 syncline-F3 syncline intersections and cold spots over F2 anticline - F3

anticline intersections.

~Inthe Bristol, New Hampshire area Chamberlain and Rumple (in press) propose that a hot spot there,
having no relation to Acadian folds, was formed by the advection of hot' metamorphic fluids through the crust
concentrated in narrow zones. This hotspot has an abundance of quartz veins and graphite deposits Indicative of

metamorphic fluld flow (see also Rumble and Chamboerlain, this volume).

~ Athird possinility Is that the hot spots are s?atially related to the numerous cgranitic sheets In the area.
There Is, however, no conh@rent relationship between the thérmal spots and the map pattern of the granites.

1t 15 likely that aavection of fluids, In part constrained marj]or structures, was responsible for the pbserved
temperature pattern In the study area. The garnet core - biotite 600°C hot plateau In the Gilmanton quadrangle
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extends southwest through the Suncook quadran%Ie contiguous with the hot
Concord guadran le. This broad_hot plateau InterSpersed With minor hot gand S roughl¥fqllows the’ mapped
pattern of the Lower Rangeley Formation that 1S exposed along the Central New Hampshire-anticlinorium, the

proposed 100t zone of the Acadian napﬂes. This structure would be a likely area for extensive fluid flow during
metamarphism. The migmatites also show a rough correlation with this Structure. This seems to reinforce the
suggestion that the migmatites formed, In part, by a structurally confined flow of metamorphic fluid. However, the
Story must have g‘reater complexities, as hoth the hot plateau and migmatite zone cut across the Central New

Hampshire Anticling In @ number of places.

Pressures calculated, using the assemblege plagioclase-
have a mean of 3.6 kb, This IS In éxcellent agreement With the o
the pressure during metamorphism.

The garnet zoning Profiles studied by Euscen (1988) In the Gilmanton quadrangle represent, to various
degrees, the combined effécts of 1Lpr09rade growth. 2) homagenization by diffusion and 3) retrograde ‘growth’. The
significance of the GJbbs method P-T- d:raths, calculated assuming the garnet zonrng_rs all’a product of growth
zonrn?, s dramatically underdetermined with this in mind, At pest only the P-T-t trajectories from a few of the

arnets are realistic. This 1s supported by the observation that they generally agree with the trends defined by the
8eothermo-barometry and the gprera?l foBr/rr part metamorpnic rrtrstr}/rrg oudine%l bgelow. y

Due to the comPIexities 0f possinle thermal s%ikes superposed on the P-T-t paths (Chamberlain and

spot mapped by G. Duke (1984) In the
A 1 s

lartz-sillimanjte-gamet (Koziol and Newton, 1988)
pserved aluminosilicates and 1S the best estimate of

Rumble, In press), the relationship between Intersecting folds ana metamorphic grade (Chamberlain, 1985), the
effects of homogenization ang retrograde reactions on the mineral zonrnﬁ}prorrle_s, the complete P-T-t path may never
be known. A sifigle sample from tie CMT may have a unigue P-T-t pafh; certainly a handful pfsar'n'ﬁles across the
belt cannot adequiately characterize the regions”metamorphic history. Similarly, the Rresumed DeaK' metamorphic
temperatures and pressures calculated using garnet core compositions are subjéct to the same set of complications

altering the original prograde garnet profile;

Metamorphic History

Based on the textures and mineral assemnlages seen n the Gilmanton, Alton, and Berwick quadrangles a
four-part continuum of metamorphism IS reroposed. e different parts are termed M 1 through M4 and are ségments
of the Acadian P-T-t path In the region. They are not discrete metamorphic events.

| M1 1s a low-pressure regiopal metamor%hism characterized by tne early andalusite pseudomorphs. This IS
widespread event recognized throughout the CMT.

M2 represents the highest grace of metamorﬂhrsm seen In the area. The high-grade zones are probanly
obscurred by later retrograde metamorphism but may nave reached zone IV and V, consistent with metamorphic
Z0NES m_a&oed N agjacent quaarangles. Anatectic migmatites may. have formed during M2 and metamorphic
migmatites formed n assoclation With structurally controlled tluid flux over the Central New Hampshire

anficlinorium. In places, prograde garnet zoning profiles were homogenized.

. M3isacomplex retrograde’ event Decussate muscovite, fiprolite, sympectites of muscovite + quartz anc
plotite + quartz, and myrmek|te characterize this stage of metamorphism. During M3,.garnet zoning Profr es, already
modified by M2, were Severely retrograded. M3 assembla?es represent the metamorphic field gradiént seen In the
reglon and may overprint higher-grade zones. Thermal hot spots formed by concentrated flow 0f metamorphic fluias
and/or exsolved water from cr{rsta Irzrn9 two-mica qranrte Sheets drove thé retrograde metamorr%hrsm and may have
formed metamorphic migmatites and/or altered the'leucosome mineralogy of earlier anatectic migmatites.

M4 represents the waning stages.of metamarphism and Is characterized by scattered chlorite alteration of
ferromagnesium minerals. Swarms of Sericite alteration may have occurred during M4 as well .
These periods of metamorphism represent a continuum ratner then a series of disCrete events. They are similiar to the
Reguence of metamorphism 3roroposedb Chamberlain and Lyons (1983) in central New Hampshire except their M3
as been subdivided nto M3 ana M4 hére.
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GEOCHRONOLOGY

Monazite and sphene U-Pb ages suggest that the timing of peak high-grade metamorphism Is Acadian In the
CMT and Permian ?n thé0 I\Aassabestl)c neI3339 errtlmack Trouq .Thpe Delt o%hlggh-grade meta%orphlsm N

nortneastern New England Is composjte, made up of crustal plocks that experienced discrete r[T)]ulses of h;%h-grade
metamorpnism beginning pernhaps as long ago as.the Precamprian and extending Into the Permian. A coripléte

discussion of these data IS given elsewnere (Barreiro and Eusaen, 1988 and Eusden and Barreliro, In prep.)

The metamarphic ages from the CMT in New Hampshire and Massabesic Gneiss/Merrimack _Troutgh
support the hyRothems that these are segarate terranes with distinct tectono-metamorphic histories coincidentally
Juxtaposed at'the same metamorphic grace.

~ The Campbell Hill-Hall Mountain-Ngnesuch River fault zone, s_eparating these two terranes, has had an
active and complex history, beginning approximately ~ 360 Ma and lasting at least to 250 Ma. if not even into the
Mesozoic. This bounaary 1S a likely candidate for thé Alleghanian or Variscan Front in New England.

- U-Ph monazite ages from two-mica_?ranites In.the Gilmanton, Alton and Suncook %uadrangles are all
Devonian. This period o Seralumlnous granite magmatism Is characteristic of the CMT. These _gramtes are syn- to
post-tectonic members of the Concordi\tXpe, ranitolas, gar_t of the New Hampshire Plutonic Serigs. A coeval pulse of

magmatism In the Massabesic Gneiss/Merrimack Trough Is absent.
SUMMARY

Flgures 5and 6 are a tectonic reconstruction of the geologic history In the Central Maine Terrane and a
small portjon of the Merrimack Terrane. This I an attempt toshow” the closé assoclation of deformation and
metamorphism In this region and to pictorially synthesise the conclusions outlined above.
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ROAD LOG

Asse®mble_at the junction of Routes 107 and 4 in Northwood Narrowsm the Minuteman RV dealer. This IS
the eastern of two junctions between Routes 107 and 4. Trip begins at 9:00 A.M.. Topographic maps: Gilmanton,
Alton, and Suncook 15" minute quadrangles.
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Mileage
0.0

0.8
1.3
L6

4.2
4.0
2.0

0.4
0.8
1.5

8.0

STOP 1. (Suncook qu_adrangleg Deformeq, 360 Ma. (‘U-Pb monazneg Barr_ln%on fwo-mica granite. The S-

C.fanrics In this (%ranlte are associated with motjon aong the Campbell Hill-Hall Mountain-Nonesych

RIver faulf zone, The ter_rancf oundarg petween the Central-Maing an(a_l\/\assab%flcGnelss/l\Aerr_lma K Trough
eformed urmlge Mesozoic extensional faulting or Alleghanian/Acadian thrust

Terranes. Was the granite .
faulting, or both ? More work, both detailed struture and geochronology, needs to be done to unravel this

faults' history.
Proceed north on Route 107 through Northwood Narrows
G0 straight at top of hill turning off Route 107 which bears to the right

Proceed straight on dirt road.

At end of dirt road where private drive turns off to the right, park on far left edge of road.

Walk anng W00(IS r0ad, a continuation of the road we were just on, fewanout 10-15 mjnutes, passing
outcrops of Smalls Falls and Perry Mountain Formation, to a beaver swamp on your right.

STOP 2. &Suncook quadrangle) Look for a nearby rocky point sticking out Into the swamp. Exposed here
s well-bedded upper Perry MoUntain Formation caugnt p ina E2 downward facing antiform with well-
developed minor folds and axial planar cleavage/foliation fans, These structures are on the west limp of the
| enanon antiformal syncline. Continue alon? W00ds road to clearing under the power lines. Exposed here
are extensive outcrops of upper Perry Mountain. Under the lines toward the swamP one sees F4 crenulations
foldlng_elther the S2 cleavage or cross eds, q_arnet + (uartz coticules and a rare calc-silicate boudin.
Immediately northwest of the road under the lines and In the woods off to the soutnwest are well-preserved
(M1) andalumps and laminations which may be locally transposed bedding.

Return to venicles and retrace route to Route 107, proceed north.

Bear rignt off of Route 107 with Jenness Pond on your rignt. Route 107 goes up a hill at this junction.
Take left at next next junction heading away from the pond. Road turns to dirt shortly.

At top of hill take left on dirt road marked by mailbox and park immediately on the right.

STOP 3. (bGiImanton quadrangle) Outcrops of Smalls Falls Formation. Rusty-weatherin? graphite ang
pyrrnotite pearing schist with ‘well-developed F4 crenulations. In this area the Smalls Fafls shows up as
S rotng p?smve an_(%maly on aeromagnetic maps. These outcrops are presumably Inverted, however, there are
N0 tops to prove It.

Turn vehicles around and return to Intersection that we passed at 4.8 miles.
Take left at thisjunction on paved road heading northeast around Jenness Pond.
Take left on dirt road. Intersection 1s marked by cemetery on right

Take left on dirt road.

Park In wide ?art of road at base of small hill where two private drives come into it. Views of Wild
(Goose Pond through trees to left.

STOP 4: (Alton quadrangle) Wild Goose Grits. (lowest part of Littleton Formation). Peeled outcrops are In
the woods Just east of the Toad. An Inverted section of grlt_s WIth Sub-roundeo v%uartz and elongate rusty-
weathering Smalls Falls clasts. Fairly good graded beds In a few localities. We are just westof the axis of
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the.Lehanon antiformal syncline. These grits may mark the position In the stratigraphy where the west-
derived Silurian section gave way to an onlapping east-derived Devonian section.

Tum vehicleg around ?nd retrace route to the Intersection where Route 107 heads west away from
Jenness Pond up a nill.

We passed this junction at mileage 4.2 earlier. Proceed north on Route 107.

Smalls Falls outcrops at ponds’ edge on left
Catamount Mm. Migmatized upper Perry Mountain and schorl pegmatite at height ~ of land.

Take right at stop sign In Pittsfield following signs for Route 107 and Gilmanton. A good place to
pick up food for funch.

Cross Route 28. Continue on Route 107 north.

Take left to stay on Route 107.
Junction with Route 129. Continue on Route 107 north.
Park on right just beyond First Baptist Church.
STOF & (Clmnon e Usoer Fegely Forpton, Gy g oopsof
| The. . g - ge (M3)

MUSCOVIEE IS conspicuous. The Upper an(I]e_Ie S widespread In occurrence throughout the Gilmanton
quadrangle and often crops out In the low ym&/ areas. Gene Boudette, the State Geologist, lives next door

and guards these outcrops!
Continue north on Route 107
Views of the Belknap Mountains.

Turn sharp left Into the Loon Pond Beach Club private drive. LUNCH.
Continue north on Route 107.

Junction of Routes 140 and 107 in Gilmanton Comers. Continue north on Route 107.
Take right on to dirt road (Rogers Road)

Take right uphill at T Intersection (Middle Route).

Park at bend In road on righthand siae. Walk back aoout 100, yards to a tree blocked woods road on
north side of Middle Route and hike northeast to the summit of Grant Hill.

STOP 6; gGiImanton quadrangle) Extensive exposures of lower Perry Mountain Formation. The exposures

on the southwest and hlghest Pomt of the nill are chaotic, proceed noftheast about 50.to 100 yards to more
Unaerstandable™ outcrops. Well-bedaed calc-silicate bearlng turbiaite with thick quartzites typical of the Perry

Mountain are exgosed_. Some good graded Deds are seen, however, most are fast-graded and topsare
equivical, FI east-facing folds are &xposed as well as F2 and F3 folds. Knats or’spots of (M3) muscovite

(Sericite In thin sectiong are apupdant in the [&elitic layers seudomorrg)hs after (MZ) sijlimanite. Excellent
views of Mt. Kearsarge, the Belknaps, M1 Monaandck, Mt. Cardigan, Smarts Mt., migrant raptors, and

maybe some late season blueberries.

Return to vehicles and retrace route to Glimanton Comers.
Take left back on to Rogers Road.

Take left back on to Route 107 heading south.
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'bF_e%ke right at Gilmanton Comers (Jet. of Routes 140 and 107) heading west cmRoute 140 for a short
t

Take left on Shellcamp Pond (or Meadow Pond) Road just after fire station on the left
Shellcamp Pond on right Outcrops of upper Rangeley and two mica granites.
Shellcamp Pond Dam. Upper Rangeley.

Proceed straight through Intersection.

Take rignt on Loudon Ridge Road.

Park off of road on right opposite the Moore Farm.

STOP.7: (Gilmanton quadrangle) A series of outcrops In the fields southwest of the road showing
extensively migmatized lower angeleg/ Formation. The axial trace of the Central New HamEshlre
Anticling passes througn these outcrops. The stromatic or [ayered migmatites are foldea by F2 and/or F4
folds Indicating that high-grage metamorphism occurred during the earliest stages of Acadian deformation.
Calc-sjlicate and granotelSic boudins are preserved and are parallel to the migmatitic layering which Is

arqued to be embrechitic. The leucosomes often coalesce to form early pegmatites which are in turn cut by
the later two-mica gramtes SIS and thelr assoclated pegmatites. It |s|\!o033| e that the migmatites formed
during an Intense, structurally controlled fluid flux gver the Central New Hampshire Anticline in the early
Acadian. According to Farnter Moore the ram breeding the ewes may not like Us In the same pasture and we

should watch for him |

Continue northwest on Loudon Ridge Road.
Take rignt onto Route 106 north.

Rocky Pond on left.

Take left on South Road (dirt).

Take left on dead-ena dirt road marked by “live bait” sign.

Park where road forks. There will be a sizqn sayIng."Not a through street” and another one , "Monty".
Bushwack due west to the cliff anout 1/2'to 174 mile in.

STOP 8: (Gllmanton quadrangle) Large cliff outcrop of migdle Rangeley Formation. Exposed are well
bedded and migmatized turbidite with:no calc-silicate boudns. Bedding |sd|p?_|ng shallowly or, Inplaces,
s nearly flat lying. Tops here are ambiguous but the overall structure and stratigrapny suggests that the
Deds aré upside-down. Tne Lower Rangeley crops out In the valley floor below Us. There are several gooc
examples of two-mica granite sills (sonie slightly discordant) and “nursts” of quartzo-felaspathic
leucosomes, There are zones where bedding has been obliferated by localizea shearing (post Fl-pre F2 7).
| arge late (M3) muscovite Is again common and some minor F4 warps and crenulations are present. Good

VIews from the cliff top.
Return to vehicles and retrace route to Route 106 heading north.
Heading north on Route 106. Two-mica granite sill (359 Ma. U-Pb monazite) and Middle Rangeley.

Take left for Belmont
Take left at Getty station In downtown Belmont, back on to Route 140 heading west
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48.0  Take ri?ht Into Brox Pavin% Materjals Plant Go past scales skirting large gravel pile on right to outcrops
Just north of some catch ponas, a distance of anout 200 yards.

STOP.9: SGlImanton uadraRPIe) L ower Rangel_e Formation. These Plamally palished outcrops are on
the axial trace of the Central New Hampshire anticlinorium, Ie._the ‘dofSal zone’. Bedding dlpsaFune steeply
here, Upward facing, FI folas verge neutrally and are uprlght Theoretically, husr[ o, the €ast the F1 folds
would verge east and to the west would ver%e west A good cross section of the folds can e seen on tne
blasted face. Follow a calc-silicate boudin- earmgl horzon along strike to see the folds on the polished
surface. There 1S a late faoric (S3/S4 ?) oblique tothe beds quite Visible on the blasted face.

End of trip, To get to Keene, proceed west on Route 140 to Tilton then take, 1-93 south to Concord. Take 1-89
north from Concdrd to Hopkinton then take Route 9 all the way to Keene. Driving time about 1 hour.
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