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Foreword 

This is the eighteenth of a series of non-technical pamphlet 
on the geo logy of variou quadrangles in New Hamp hire which 
have been issued by the New Hampshire State Planning and 
De elopment Commission since 1935. In order to make the report 
understandable to those unfamiliar with geologic terminology, 
an effort has been made to avoid technical word . "\ here this has 
not been feasible, the term ha either been defined in the text, or 
in the glossary at the end of the pamphlet. Di cussion of the 
geology necessitate the u e of a geologic map of the bedrock, 
and this has been provided in the pocket of the back co er. 

The geologic study on which thi report is based was carried 
out from 1947 to 1949 on a re earch grant from the Geological 
Society of America. That organization also cooperated with the 

Jew Hampshire Planning and Development Commission in 
underwriting the heavy expense of printing the colored geologic 
map. The writer was assisted in the field by H. C. Coulter, J. F. 
Murphy, and H. H. "\Voodard, former tudents at Dartmouth 

College. 
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Geology of the 
Hanover Quadrangle 
New Hampshire 
By John B. Lyons 

INTRODUCTION 
The Landscape 

The face of the earth mirrors the accidents o[ geology. The 
, ide expanse of the Great Plains, for example, reflects the flat
lying strata beneath them, and a relatively uneventCul geologic 
past. By contrast, the lofty !pine-Himalayan chain owes its rug
o-edne s to catacly mic eYent which, geologically peaking, hap
pened only yesterday. 

lost of northern 1 ew England is characterized by a rolling, 
sub-rnountainou topography. To the practiced eye this i an 
almost-certain indication of an area of moderate geologic an
tiquity, reduced by erosive processes from its former mountainous 
magnificence. Even Mt. Washington (el. 6,288) and the other 
peak of the \Vhite Mountains are mere nubs of what they once 
were; New England may, at one time, have been dotted with 
peaks a lofty as Everest. 

Geologicall , New England is a part of the ppalachian 
!\fountain system. It is older, however, than the mountainous 
belt extending from New York to labama, and most of the 
events important in its de elopment occurred in the interval be
tween 450 and 300 million years ago. In the more outherly part 
of the Appalachians, much of the mountain building went on as 
recently as 180 million year ago. 

The geology of the Hanover q uadrang-le, to be described in 
this booklet, is typical of much of that in the areas bordering the 
Connecticut River in northern New England. The region is one 
of moderate relief. Grigg !\fountain in the township of Norwich, 
Vermont is , at 1,800 feet, the highest elevation in the area. It 
lowest elevation, 300 feet above ea level, i along the banks of 
the Connecticut, in the southern part of the area de cribed in this 
report. The\ hite and Ottauquechee Rivers of Vermont and the 
l\Iascoma Ri er of New Hampshire are important tributarie 
joining the Connecticut within the quadrangle boundaries. 
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THE BEDROCK, AND ITS HISTORY 
The Geological Map, and How to Read It 
In order to allow the reader to better understand the geology, 

a colored map has been inserted into an envelope at the back of 
this pamphlet. Each co lor pattern on the map repre ents a QTOup 
of rocks (a o-callecl formation) who e characteristics are recog
nizable in outcrops, and are di tincti\'e from those of other rock 
units. The areal distribution of these formations i indicated by 
the map. Their structural arrangements are hown on the map by 
a eries of symbols , hose meanings are explained on the map 
legend, and by a serie of cross- ections at the bottom of the map. 
The e sections indicate the probable arrangement of the forma
tions which , e should di coyer were we able to slice trenches a 
mile deep through the bedrock. On both the map and the cross
section the di tribution of the oil and glacial depo it is not 
shown, although thee unconsolidated material have local thick
ne ses of as much as a fe, hundred feet. 

The bright reel line marked " Isograds" on the map define 
boundaries where critical rock-forming minerals (such a biotite, 
garnet, etc.) are first encountered in the field in progre sing from 
areas of lesser metamorphi m to tho e of greater metamorpbi m. 
The significance of the isograds is di cussed in a later section. 

The geologic map has been overprinted on a topographic 
map in order that we may not only obtain a picture of the geology, 
but al o of the shape of the earth 's urface. The brown contour 
lines ha e their elevations above sea level indicated at appropriate 
interval on the map. Contours may be thought of, for con eni
ence, a marking the map position of a erie of shorelines which 
would be de eloped in the Hanover region should the land sub
side in succes ive inter a ls of 20 feet, and the sea progre ively 
flood the area. Contour lines in northern ew England generally 
have little direct relation to the bedrock geology. The reader 
hould be cautioned that the topographic map of the Hanover 

quadrangle , as published in l 906, and that for this reason the 
po itions of new or rerouted roads are not indicated on the o·eo
logic map. 

In the di cussion to follow, reference will frequently be 
made to date or time spans in term of million of year . The 
ba i (or the e t ime determinations is de cribed on page 19. 



Era 

'enowic 

Mezozoic 

Pa leo, oic 
c.o 

Preca mbrian 

Table 1 
GEOLOGIC TIM E SCALE WIT H SEQUENCE OF EVENT S IN THE H ANOVER REGION 

Oldest Event is at llottom o( Chart; Youngest is at T op 

T ime in 
Period Millions 

o( Years 

Q ua te rna ry 0-1 

T erti a ry 1-60 

---
Cre taceous 60-130 
Ju rass ic 130-155 
T r iass ic 155- 185 

Permia n 185-2 10 
Pennsy lva nia n 210-230 
Miss iss ippian 230-265 
Devoni an 265-320 

Silur ia n 320-360 

Ord ov icia n 360-440 

a mbri a n 4,10-550 

!i:>0-5!i00 

Sequence o( Events 

Recen l eros io n in las t I 1,000 ) ca 1 s 
Pleistocene glaci a tio n; d eposi tion o f till , va rved clay, a nd flu vio-glacial ma ter ia l 
R enewed u p lift and eros ion. Bro wn coa l bed a t Brandon , Vermont indica tes wa rm moist 

cl ima te 30 mi ll io n )Cars ago 

Erosion ; la nd redu ced Lo a low le ve l 
Eros ion 
Eros io n a nd faultin g; poss ible deposit ion of some reel beds, as in lower Connecti c11 l Va ll ey 

o r ~lassachuseu s a nd Con necLici n 

Intrusion o f ig·ncous rocks o r the \Vh ite J\I 1 n. se ri es; ev idence o r glacia 1 ion in Boston area 
" ' arm mo ist clima te in New E ng la nd ; eros ion 
Eros io n 
Erosion 
Fina l withd rnwa l o( ocea ns from New Engla nd 
Fa ulting 
Intrusio n or Leba non gra n ite a nd mela morp hi sm (300 m.y. ago) 
Fold ing a nd meta morph ism o r rocks begins; some di kes inj ected 
Liule lon forma tion d epos ited 
Deposit io n or Filch ;incl Clo ugh form a ti ons; these rocks no t ex pmecl in Ha nover qua d -

ra ngle 
Renewed geosynclina l subsidence a nd mari ne in vasion 
Eros ion 
[n Lrusion of gr,1n itc (380 m.y. ago), fo llowed by brief period o r 11 p lirt a nd eros ion 
Depos it ion o( Partr idge, J\ mmonoosuc a nd Albee formatio ns; th ese rocks no L ex posed in 

Hano\'cr regio n 
Deposit ion of Orforchill c fo rmat ion 
Deposi tio n o f Gil e MLn . fo rma tio n 
Deposition of Wai ls Ri ver fo rma tion 
Depos itio n. of o lder unexposed forma tions 
Depos iti on o f older unexposed (ormati ons 
Begi n ning o f gcosynclina l scd ime111 a ti on a nd ma rine in vas ion 

Comp lex b11 L u n kno ll'n history 



Ancient Marine Invasions, and the Formation 
of the Bedrock 

The rocks thought to be the olde t in the Hanover quad
rangle constitute the \Vait River formation , and occur only in 
the we tern part of the area. These rock , originally deposited on 
the ocean floor as flat-lying Jimey muds and silt with an aggre
gate thickne s in excess oE 4,000 feet, were fir t hardened into 
lime tones and shale , and then crumpled and transformed into 
calcareou chi t and mica schists. 

The \Vaits River formation is widespread throughout east
ern ermont, and underlies a small portion o[ northwestern Ne, 
Hampshire. Near Montpelier and near vVestmore, Vermont, 
fossil coral , crinoids, gastropod , and cystoids have been di cov
ered in the formation by C. A. Doll. Their importance i two
fold: they indicate, first, that at the time of depo ition of the 
\Vaits River beds Vermont and New Hamp hire were inundated 
by the ancient Atlantic Ocean; secondly, their presence should 
allm us to date the formation geologically. Unfortunately, the 
fossil are not in an excellent state of preservation, and there is 
debate as to their precise age. It is certain, nevertheles , that they 
belong to the Ordovician, Silurian, or Devonian periods, and can 
be no older than 440 million nor younger than 260 million years. 

The o-eog-raphy of ew England during \ aits River time 
was far different than it i today. The Adirondacks and that part 
oE Quebec north of the St. Lawrence were the we tern horeline 
oE the Atlantic. An unstable archipelago, or a eries of unstable 
archipelagoe probably existed in what is now the western Atlan
tic, extending southward from off hore Newfoundland to off
shore Georgia. These landma ses finally disappeared beneath the 
Atlantic approximately 180 million years ago but while in ex
i tence served as source areas for some of the edimentary material 
which aften ard became the hard crumpled rocks of the ppa
lachian mountains. 

The uppenno t portion oE the "\ aits River formation con
sist of a distinctive dark green hornblende chist, 125 to 650 
feet thick, indicated on the geologic map as the Standing Pond 
amphibolite. Prior to metamorphism the amphibolite consisted 
of detritus eroded away from one or everal basaltic volcanoe , 
and spread by ocean currents as a thick layer on top of the limey 
mud of the vVaits River formation. The precise location of thee 
ancient volcanoes i unknown. 
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Overlying the Waits River formation i a 6,500-foot thicknes 
oE tan to gray quartz-mica chist and quartzites which grade up
ward into a 1,000-foot thickness of black mica schist and phyllite. 
Collectively these rocks form the Gile l\Iountain formation; it 
uppermost part is the l\Ieeting·house slate member oE the forma
tion. The rocks which are now quartz-mica schists and quartzite 
were once marine sands; the black schists were black marine 
muds. The Gile l\Iountain is the most widespread of the forma
tions of the Hanover quadrangle, and is excellently exposed along 
the , vhite River, between the villages of Hartford and v\Test Hart
ford , Vermont. 

At South Strafford, Vermont (9 miles north-northwest of 
Hanover, and beyond the boundaries of our map) C. A. Doll has 
discovered what may be a fos il bracbiopod o( Devonian age 
(320-260 million years old) in the Gile l\Iountain formation. The 

fossil identification is in dispute, however, and because of its 
regional geologic relations the Gile Mountain i considered in 
this report to be of probable Ordovician age (440-360 million 
years). Regardless of its precise age, all geologists who have tudied 
the formation are agreed that it was once a sandy marine-type 
deposit, which has been highly deformed and metamorphosed. 

nderlying much of the area along and east of the Connecti
cut River is the non-fossiliferous Orfordville formation. In the 
northern part o[ the Hanover quadrangle this · unit is eparated 
from the Gile l\Iountain formation by the fonroe fault (see 
geologic map). "\Vhere the two formation are in apparent edi
mentary contact south of the village of Hartland, Vermont, it 
appears that the Orfordville rock are younger than the Gile 
}\fountain rock . From it relations to other formations in New 
Hampshire it is assumed that the Orfordville formation is of 
probable Ordovician age (440-360 million years) and wa de
posited on top of the Gile fountain beds. 

The lower part of the Orfordville consi ts of approximately 
2,000 feet of black mica schist (originally a black mud), toward 
the ba e of which is some marble (Ooc on the geologic map) and 
a white quartz conglomerate member, 0-350 feet thick. The con
glomerate crops out prominently at French's Ledge, southwest of 
1\leriden, New Hampshire, but derives its name, the Hardy Hill 
quartzite, from the outcrops at Hardy Hill, Lebanon, 1ew Hamp
shire (2 mile east of the map boundary). The upper part of the 
Orfordville fonnation, the Po t Pond volcanic member, is a 

11 



3,500- to 4,000-foot thickness of green chlorite or hornblende 
schist. Some of these schists have "ghosts" or relicts oE the struc
tures which characterized them prior to metamorphism. These 
include amygdules (small almond-shaped mineral aggregates 
filling former gas cavities), pillows (ellipsoidal blobs, several feet 
in maximum diameter), and sub-angular blocks. Pillow struc
tures are characteristic of submarine lava extrusions, and there is 
little doubt that the Post Pond volcanics are metamorphosed 
basalts, originally poured out as submarine lava flows on top of 
the black marine muds of the lower Orfordville formation. 

Approximately a half square mile of the extreme south
eastern portion of the Hanover quadrangle is underlain by black 
schists of the Littleton formation . These are almost identical in 
appearance with the Orfordville black chists but are of Devonian 
age (320-260 million years) and are here separated from Orford
ville schists by the orthey Hill fault. The Albee, Ammonoosuc 
and Partridge formations (Ordovician) and the Clough and Fitch 
formations (Silurian) normally intervene between outcrops of 
the Orfordville and Littleton formations where no fault is pres
ent. l one oE these five missing formations occurs within the 
limits of the Hanover quadrangle, but they are well exposed in 
areas to the north and east. 

The aggregate thickness of the Waits River, Gile :Moun
tain , and Orfordville formations is approximately 16,500 feet. 
\Ve know, furthermore, that in eastern Vermont there are ap
proximately 21 ,000 feet of metamorphosed sedimentary and vol
canic rocks underlying the Waits River formation , and ranging 
in age from 550 to 400 million year old (i.e. of Cambra-Ordo
vician age). In New Hampshire there are approximately 15,000 
to 22,000 feet of metamorphosed sedimentary and volcanic rocks 
overlying the Orfordville formation, and ranging in age from 
approximately 360 to 300 million years old (i.e. of Ordovician, 
Silurian, and Devonian age). Thus northern New England, in 
the interval from 550 to 300 million years ago received a blanket 
oE approximately 60,000 feet (11 miles) of marine sediments and 
volcanics. To borrow a phrase, thi stagger the imagination. 

Two questions arise from a consideration of the stratigraphic 
record. \Vhat was the source of the material , and how deep were 
the oceans covering New England? n analysis of existing rates 
of erosion and sedimentation indicates that there is nothing extra
ordinary in an accumulation of an I I -mile thickness oE rock over 
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a period of 250 million years. In Lhe last 60 million year , for 
example, a maximum thickne o( 40,000 feet o( edimentary 
material ha been deposited in the Gulf of lexico at the mouth 
of the 1issis ippi. The streams flowing from the Canadian shield, 
the Adirondacks, and the archipelagoes in the Atlantic could, it 
seem , have easily transported a 50,000-foot thicknes of ediment 
into the great portion of the Atlantic covering New England dur
ing the early Paleozoic. An additional 10,000 feet of volcanic ma
terial could have been added from volcanoe erupting in the an
cient ocean bottom during· portion of the same 250-million year 
period. Iceland, to cite an analogy, is an active volcanic region in 
which a 10,000-foot thickness of lava ha been built up , ithin 
the last 50 million year . 

Even more interesting than the problem of the origin o( the 
material which made up a 60,000-foot blanket of rock in northern 
)Jew England is the question of the depth of the ancient ocean 
and the behavior of the earth's cru t under thi enormous load. 
In modern ocean the deepe t known trench is 35,640 feet below 
ea level , in the i\lariana Trench south of Guam. Such deeps, 

however, are not only relatively uncommon , but are al o quite 
narrow. \Ve know of no oceanic deep comparable in width to 
New England; we ha,·e good rea on for believino- that no uch 
deeps have exi ted in the geologic past. The fossil which have 
been sparingly found in the New England· metamorphic rock , 
and the nature and structure of the e bedded rock clearly indi
cate that they were deposited in relatively shallow marine waters. 
This being true, it follows that the accumulation of a great thick
ness of sedimentar and volcanic rock was pos ible only because 
the earth' cru t gradually sagged a the edimentary and volcanic 
load wa placed upon it. Sagging of the earth's cru t under such 
a load i known to be possible because of pla tic flowage which 
ma occur in a weak shell of the earth commencing at a depth 
of 30 to 40 mile below the surface. It i al o a well e tablished 
principle in geology that those areas where long linear mountain 
belts have been de\'eloped are, in their first stage , slowly sub-
iding downwarps in the earth' cru t (known geologically as 

geosynclines) where great thickne e of rock are deposited. i\loun
tain belt follow a imilar evolutionary pattern; they com
mence a great, linear, ediment-filled downwarp ; they are next 
queezed , and their rock folded; the are ele\'ated into lofty 

alpine belts; and the are e\'entually destroyed by erosion. 
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w E 

ATLA NTIC OCEAN 

I-=--~--~~-~ - ---~~~~-~~~~-=-~---~---~~-.-,., 

Fig. I. Hano,·er 1·egion toward Lhe clo e o[ Lhe Ordovician period (i.e. cl00-3 0 mil
lion year ago). Ow is Waits Ri,er formation; Ows Landing Pond amphibolite 
member o[ the \ \'ail River; Og Gi le IounLain formaLion , and Ogm the !'vfeeting
housc member o[ the Gile .\ fountain; Oo Orfordville formation, and Ooh H ard · 
Hill member and Oop the Post Pond members of the Orfordville; Oal Albee 
[orma1ion; Oam Ammonoo ·uc volcanics; Op Partridge formation 

w E 

Fig. 2. H anover region in Earl Silurian time. R ocks have been fo lded and elernLed, 
temporarily, abo,·e sea Je,·el. Granite (gn) has also been intruded into Lhe rocks 
during the Late Ordo,ician Taconic orogeny (3i0 million )Cars ago). 

W E 

ATLAN T IC OCEAN 

Fig. 3. Hano,·er region in Earl) De,·onian time. Region ,ras rcsubmerged in [iddle 
dunan time, and ha had the Clough ( c) and Fitch ( I) formations (Middle 

Silurian) and Linleton (DI) [ormation (Lower Devonian) depo ited upon the older 
1ocks. 
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Fig. -1. Hanover region in Lale Oe\onian Lime. Rock were [olded in the i\liddl e 
LO Late De,·onian Acadian orogen) (300 million ) ea • ago), imruded by Lhe Leba
non granite ( lg), metamorphosed, and ele,·a ted above sea level. Erosion i acti\ ely 
reducing Lhe a rea . 

Whlle Connecticut Rive, E 
w -

fault tAmmonoosuc fault 

Fig. 5. Hano,er region at present. .\pproximatel) 5 mil es of bedrock ha \ e been 
stripped rrom the area . 

Folding, Metamorphism, and the Emplacement 
of Granites 

Geologic reasons behind the development of geosyncline 
and their eventual squeezing into belt of high! folded rocks are, 
as yet, matters of scientific debate. The gigantic force operative 
in crustal deformation invariably act, nevertheless, as a great 
vise, the maximum compressi e force being oriented in a direc
tion perpendicular to the trend of the geosyncline. Th us, in ew 
England, the northward-trending geo yncline wa crushed by 
east-west stresses, and the oft flat-lying ediments and volcanic 
were hardened and crumpled into tight northerly-trending folds. 
So inten ive were tbe forces which queezed tbe crust of Jew 
England that parts of the bedrock were also torn loose from ad
joining ections, and great blocks of the earth 's crust were moved 
past other blocks for distances of se eral thousand feet. The 
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fracture surface along which these movemenl occurred are 
known as faults, and three uch fault , the l\Ionroe, Ammonoosuc, 
and Northey Hill are indicated on the geologic map. 

In the Hanover region the rocks were compre sed on two 
separate occasions. One of the periods of crustal deformation, the 
Taconic orogeny, occurred toward the close of the Ordovician 
period, some 370-350 million years ago. '\Ve ha e little direct evi
dence o( this cycle of deformation , ithin the limits o( the Han
over quadrangle, but are aware of it through the outstanding 
geologic work of l\I. P. Billing in the region about Littleton , 
="l ew Hampshire. 

The Acadian orogeny, the major deformational epi ode in 
ew England, occurred in the 1iddle to Late Devonian, approxi

mately 300 million years ago. This second period of folding, far 
more intensive than the first, wa accompanied by another signifi
cant event - the final elevation of :N"ew England above ea level. 
From this time onward, 1ew England has been part of con
tinental North America ; instead o( recei \'ing sedimentary detritu 
from other area , it has itself been subjected to ceaseless erosive 
attack. Despite inter\'al of re-elevation between the lid-Devonian 
and Lhe present, the region has been lowly worn down to a ub
dued topography. 

Becau e the folded rocks of the Hanover region have been 
deeply eroded, the tructural arrangements of the formation are 
not apparent in most outcrop . The o-eometry of the folds, how
ever, may be reconstructed from the dip and strike ymbols, and 
the map patterns of the various formation . Three major anti
clines dominate the reg·ion, all of them extremely complex, with 
many minor folds superimposed on the major upwarps. The 
core of one of the major anticlines is occupied by the Lebanon 
granite, an unusual fold in that the beds which wrap around its 
outhern nose have been inverted by the intrusive pre ures de

veloped during the injection of the granite. Another major 
anticline, plunging northea terly, is conspicuous from the mapped 
geology of the southeastern ninth of the quadrangle. The third 
major anticline, decepti\'ely imple in map pattern, is outlined 
by the Standing Pond amphibolite in the northwestern part of 
the area, and has been named the Pomfret dome. This dome i 
the smallest of six or more imilar structures extending en eche
lon from western l\Ia achu ett through eastern Vermont, on 
the we t side of the Connecticut. The detailed structural geology 
of all of th e domes is extraordinarily complicated ( ee Figure 8), 
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probably becau e the origin of the domes i ascribable to a punch
up of material from the depths o( the earth into already-folded 
rocks. Part of the incredibly complex fold pattern is indicated dia
grammatically in the cro s ections at the bottom of the geologic 
map. Section B-B' is worthy of particular comment. This shows, 
near its we tern end, what appears to be an anticline, with the 
Gile Mountain (ormation in its core, and overturned toward the 
we t. Actually, the fold i a syncline, with it trough bent around 
and dragged upward and we terly, probably by the rise of the 
great Chester dome immediately southwest of the Hanover re
gion. R ecumbent folds of the type hown in Section B-B' are 
known in relatively few areas of the world, one of the cla sic 
localities being the Alps. 

Two other phenomena normally accompany the fo lding of 
a geo yncline: 1. metamorphism of the rocks, and 2. intru ion of 
granites. All of the rocks of the Hanover quadrangle, a ide from 
ome of the granites and ome rare dikes, ha e been metamor

phosed . This means that they have been so thoroughly trans
formed, by recry tallization, that their original characteristics are 
largely obliterated. Ietamorphic rocks are denser and generally 
coarser than their edimentary and volcanic progenitor . They 
contain di tincti ve mineral , and they frequently ha e the e min
erals aligned in parallel planes - whence the name "schist" and 
"gneiss" which are de criptively applied to them. A combination 
of field and experimental laboratory experience ha taught geol
ogist that certain critical metamorphic minerals may be recog
nized and mapped in the field, and that these minerals are 
temperature indicators. On the geologic map of the Hanover 
quadrangle the hachured red lines labelled "I so grad" indicate 
the location where the ilicate mineral chlorite, biotite, garnet, 
staurolite, and kyanite may be first recognized a one proceeds 
from areas of lower to higher metamorphic inten ity. In this 
series, chlorite-zone rocks represent recrystallization temperatures 
of approximately 200°C (380°F); kyanite-zone rocks, of approxi
mately 600°C ( l 100°F). A rock in the garnet zone may contain 
chlorite or biotite, but it recrystallization temperature will ha\'e 
been too low to permit the development of kyanite or staurolite. 
Despite the relatively hi o-h temperature at which regional meta
morphi m occur , rocks are not melted down during their trans
formation; consequently they have pre erved within them traces 
or rel ict of their original structures, such as bedding planes in 
the rocks o[ sedimentary origin, and pillow structure in rock of 
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volcanic ongm. Had there been no metamorphism of the rocks 
oE the Hanover region we should now have such common bedrock 
types as shale, sandstone, limestone and ba alt. During recrystal
lization the shale has been transformed into mica schist or phyl
lite, the sandstone into quartzite, the limestone into calcareous 
schist and marble, and the basalt into hornblende or cblorite 
schist. 

It is an interesting and significant fact that the highest-tem
perature metamorphic rocks of the Hanover region occur either 
peripherally to the Lebanon granite, or in an area of domal up
warp in the northwestern portion of the mapped area. There, 
geophy ical measurement of the intensity of gravitation (made 
by R. J. Bean) suggest the probability of unexposed granite with
in 2,500 feet of the present surface. The close areal relationship 
between the granites and the highest-temperature metamorphic 
rocks of the Hanover region is repeated in numerous metamor
phic tenanes throughout the world. It is reasonable to conclude 
that regional metamorphism is induced only in small part by 
the deformational stresses which contort geosynclinal rocks. Much 
of the metamorphic heat must be contributed by masses of bot 
granite shouldering their way upward through the folded rocks, 
and much of it is ascribable to the fact that the geosynclinal rocks 
are depressed toward the earth's hot interior. 

The intrusion of granites into the rocks of the Hanover 
region occurred in two cycles, separated by a time span of ap
proximately 70 million year . The older granites, indicated on 
the map by the symbol "gn" were emplaced at the close of the 
Taconic orogeny, toward the close of the Ordovician period. 
These granites are exposed at vVhite River Junction, Vermont, 
and in an area approximately 3½ mile northeast of Plainfield, 
New Hampshire. The exposures of the gTanites which crop out 
both north and south of White River Junction show particularly 
good evidence of having been emplaced by the injection of numer
ous sheets of gTanitic magma into the cleavage planes of the Post 
Pond volcanic member of the Orfordville formation. Typical 
outcrops of the granite show an alternation of layers of the 
chlorite schist country rock with layers of the granite, and consti
tute what is known geologically as a lit-par-lit (bed-by-bed) com
plex. Unlike the younger granites, the Ordovician granites have 
been subjected to the same regional metamorphism that has re
crystallized the other rocks of the region. 
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The younger, up.metamorphosed granites are confined chiefly 
to the elliptical outcrop area of the Lebanon granite. Structures 
in the granite and it adjacent metamorphic rocks, as well as the 
result of a gravity geophysical survey made by R. J. Bean show 
that the Lebanon granite has the shape of a cone, tilted north
west, ard. The apex of the cone has been removed by erosion but 
must, at the time the granite was emplaced, have been situated 
approximate! 10,000 feet above the present site of the village 
of Lebanon. The granite was injected as a magma or as a plastic 
mass, and moved upward and outheastward through the country 
rock. So intensi e were the intru i e pressures that the rocks 
south of the Lebanon granite were pushed upward and rotated 
through an angle of more than 90 degree . Minor fold in these 
rocks now plunge northward at high angles in places where, prior 
to the intrusion of the Lebanon granite, they plunged gently 
southward. 

Radioactive determination of the age of the granite at "\Vhite 
River Junction and of the Lebanon granite have been recently 
carried out by the writer and others at the laboratorie of the 

nited State Geological Survey, using a method developed by 
Dr. E. S. Larsen. To make an age determination, one concentrates 
by heavy-liquid and electro-magnetic technique approximately 
25 / l 00,000 of a pound of the mineral zircon from an initial am
ple of 25 to 30 pound of granite. Zircon itself contains a small 
amount of uranium and thorium, and of radiogenic lead. By 
measuring the amount of uranium, thorium and lead, it i po -
sible to calculate the age of the zircon, and hence of the granite 
of which it is a minor but important constituent. The gTanite at 
"\Vhite River Junction belongs to a group of granites whose mean 
age is approximately 385 million years (Upper Ordovician), and 
the Lebanon granite to a group of granites who e mean age i 
approximately 311 million years (i\/Iiddle Devonian). These di
rect determinations of the ages of the granites are in excellent 
agreement with geologic ages pre iously assigned them on the 
basi of regional mapping and correlation with fo siliferous rock 
near Littleton, New Hamp hire. 

Faulting 
A fault i a great fracture in the earth 's crust, induced by 

enormou tensile or compre ive stresses which have exceeded 
the strengths of rocks. One block of the earth's crust move rela-
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tive to the other along the fault surface, and the displacement 
may be in any direction parallel to the plane of the fault urface. 
Slippage along faults is slow and intermittent, ome fault remain
ing active for million of years, and having· total displacements 
measurable in tens of miles. ~Iovements along active faults, uch 
as the San Andreas rift of California, are ometimes responsible 
for great and destructive earthquakes. Fortunately, all of the 
known fault in ew Hampshire have been inactive for many 
millions of years. 

Three fault , all indicated on the geologic map, have been 
traced into the Hanover area from regions 40 to 60 miles to the 
north. Two of thee, the fonroe and 1orthey Hill faults , de
veloped as the rocks of the region were being folded, and prior 
to their metamorphi m. The third, the Ammonoosuc thrust, was 
developed ubsequent to the regional metamorphism and the 
intrusion of the Lebanon granite. It is more ea ily recognized 
than the other because there i a harp change in the character 
of the bedrock on the [oon all (lower) and hanging wall (upper) 
blocks of the fault, and also because the rocks at the fault plane 
are hio-hly cru bed and f,.-actured. 

The Monroe fault is the plane separating the Meetinghouse 
slate member of the Gile Mountain formation on the west from 
the Post Pond member of the Orfordville formation on the east. 
The fault urface itselE ha not been observed by the writer with
in the Hanover quadrangle, probably because of the lack of 
sufficiently good outcrops along the contact between the two 
units. The mapped geology of the regions north of Hanover suo-
ge ts that the fault plane is approximately vertical , and that rocks 
of the westerly block have slid up, ard an indeterminate amount. 
The fault i indicated on the map as dying out in the central 
part of the Hanover quadrangle, largely becau e of lack of evi
dence for its existence in the southern part of the area. 

The Northey Hill fault, in the extreme outhea terly corner 
of the map area, ha black Orfordville schist of the we tern block 
in contact with black Littleton chist of the eastern block. Like 
the Monroe fault , the Northey Hill is non-ob ervable within the 
Hanover quadrangle. It existence, however, must be inferred 
because of the ab ence of fi e formation of Ordovician and 
Silurian ages which should normally inten-ene between the Or
[ord\'ille and Littleton formations. From regional geologic rela
tions it is thought that the rocks we t of the Northey Hill fault 
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have slid vertically upward everal thou and feet relative to tho e 
on the east. 

The course of he Connecticut River Lhrough the Hanover 
quadrangle is roughly coincident with the Ammonoo uc fault. 
Along the we t bank of the Connecticut, particularly a few mil s 
north of Norwich, Vermont are several outcrops where the 
broken-up rock (fault breccia) in the fault plane is well exposed. 

t these localitie the dip of the fault plane is 35 to 45 degrees 
we terly. Evidence near Littleton, Ne, Hampshire indicates that 
the rocks in the upper (hanging-wall) block have lid ea terly 
several thousand feet over rocks of the lower (footwall ) block o( 
the mmonoosuc thrust. The amount o[ di placement in the 
Hanover area i uncertain, but probably of the order of several 
thousand feet. 

Before leaving the topic of faulting, it should be mentioned 
that almost all rocks are broken by fractures known a joint . 
In contrast to faults, joints ha,·e no displacements of the blocks on 
either side o( the fracture. There are literally thou ands of joint 
in the rocks of the Hano\'er area, most of them mooth plane ur
face . The most prominent and con istent jointing is in an east
we t direction, approximately perpendicular to the trend of the 
regional tructure. These, and less common joints that trend 
approximately north-south and dip at 45 degree (plus or minus) 
ea terly or ,\'esterly are due to the ame compres ive force which 
fir t folded the rocks, and then faulted them. A less common 
type of jointing, termed heeting, is weakly developed in the 
Lebanon granite and is clue, indirectly, to forces re ulting h-om 
the remo al of the bedrock (unloading) by era i e processes. 

Injection of Dikes 
Periods of trong geologic compre sion are oftentimes pre

ceded and ucceeded by intervals of relaxation of stre s, or even 
of tension. At uch time cracks, or joint , may develop and may 
extend tens of miles into the earth' cru t. Hot liquid rock (mag
ma) in the depth of the earth di cover the e fractures, and 
quickly make it way toward the urface, congealing and crystal 
lizinrr as it penetrates the crust. The resulting tabular bodie of 
igneous rock are known a dikes. Dike o[ two age and type are 
repre ented in the Hanover quadrangle. The older dikes, now 
meLamorphosed to chlorite and hornblende chist, occupied frac
LUres developed sub equent to the folding of the rocks, but prior 
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to the metamorphism of the rock . These dikes are, locally, ex
tremely abundant and make up what are known as "swarm ." 
Places where uch warms make up a significant proportion of 
the bedrock are indicated on the geologic map by a red over
print, and on the map legend by the words " metamorpho ed 
diabase. " The e swarms are largely re tricted to the ew Hamp
shire portion oE the map area. 

Not indicated on the geologic map becau e oE their rarity 
are some dark, unmetamorphosed trap dike . Some oE these are 
to be found, for example, on the west slopes of Crafts Hill, in 
,ve t Lebanon, 1 ew Hampshire, or in the area east of Hanover, 
where they intrude the Lebanon granite. These dike are min
eralogically similar to dikes in northern ew Hamp hire which 
are considered to be part oE the , vhite Mountain plutonic-vol
canic series. This erie , in turn, consists of intrusive rocks of 
several types (among them the well-known Conway granite), ha 
been dated by radioactive methods as approximately 186 million 
years old, and is thought to ha e been emplaced toward the close 
of the Permian period. 1t. Ascutney, a conspicuous landmark 
20 miles outh of Hanover, is an eroded mass of granite, syenite, 
and gabbro belonging to the \Vhite Mountain series. It is prob
able that the trap dikes of the Hanover region were injected con
currently with the emplacement of the rocks now forming Mt. 

scutney. 

DESTRUCTION OF THE ANCIENT MOUNTAINS 
There i no such phenomenon a an indestructible rock, an 

eternal hill , or an e erlasting mountain. Over the eons of geologic 
time all ubstances at the earth 's surface are destined for destruc
tion. Rocks are , eakened and decomposed chemically by the 
attack of oxygen and the weak acids of the groundwater; they 
are disintegrated mechanically by the action of running water, 
waves, frost, glaciers, wind, alternate heating and cooling, and 
the effect of growing organisms. Over a period of a year, the 
amount of material eroded from the land and carried to the 
oceans is truly enormous. It is estimated that, for the United 
States, the annual tran port of materials by tream emptying 
into the oceans is 51 3 million tons in mechanical suspension , and 
270 million tons in cliemical olution. The average annual 
amount o( mechanical ero ion is approximately 166 tons per 
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square mile; of chemical erosion , 7 tons per square mile. This 
implies an average lowering of the land of approximately one foot 
in 10,000 years. If the present rate of erosion were to be main
tained, North America, with an average elevation of 2,400 feet, 
should be reduced to average mean sea level in a mere 24 million 
years. Such a gro s calculation is obviously enoneous to the ex
tent that it does not consider varying rates of erosion throughout 
geologic time, or variations in different localitie . The geologic 
record, nevertheless, offers irrefutable proof that at various times 
in the past much of I orth America has been so reduced by ero
sion that the ocean has encroached over most of the continent. 
There is an endless natural trugg-le between tho e forces tending 
to elevate continents and build mountains, and tho e processes 
tending to de troy them. 

\Vhat have been the effects of erosion in the Hanover region 
during the last 300 million years? At the western end of cross
section A-A' (see geologic map) dotted lines have been drawn 
showing the probable po ition of the Standing Pond amphibolite, 
before erosion, across the top of a dome. The elevation of the 
amphibolite at the center, or top, of the dome is close to 5,000 
feet. Approximately 7,500 feet of Gile Mountain beds and 6,000 
feet of Orfordville beds once re ted on top of the Standing Pond 
amphibolite. There were, in addition , at least 15,000 or more feet 
of Upper Ordovician, Silurian, and Devonian rock overlying the 
Orfordville formation. Thus the uppermo t rocks arching aero s 
the dome would have had a minimum elevation of 28,500 feet 
above sea level - an elevation close to that of Everest (29,141 
feet). Because the present elevation at the center of the dome i 
a mere 1,520 feet, 27,000 feet (more than 5 miles) of bedrock 
must have been removed from this area by erosive processe . 
Most of the rock now exposed at the surface in the Hanover 
region were, at one time, five miles deep within the earth 's crust. 

'Whether there have been, at times past, peaks of 28,000- to 
29,000-foot elevation in the Hanover region is not known with 
certainty. Study of mountain ranges has shown us that they pass 
first through a geosynclinal cycle, during which they accumulate 
sedim.ent in a sub iding trough, and then through a cycle of 
crumpling and folding of the rocks. Final elevation of the e 
folded rocks into towering range take place gradually and inter
mittently over a period of several million year. During all or this 
time erosion i attacking the emerging mountain chain, and the 
maximum eievation it attain is a compromise between the rate 
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and amount of uplift, and the rate and amount of erosion. In 
view of our lack of information on rate of uplift and erosion in 

1ew England during the past 300 million years, we are, under
standably, somewhat uncertain about the topography in that by
gone era. 

Because some five miles of solid bedrock have been eroded 
from the Hanover region there is very little relation between 
the present distribution of hills and alleys and the original struc
tures in the bedrock. Local variations in the erosi e re istances 
of the different rock units, and the locations of the major valleys 
account for most of the present topography. Thus Griggs Moun
tain (el. 1,800 feet) in the north-central part of the Hanover 
quadrangle appears to be the highest peak in the area because 
it is underlain by hard quartz-mica schists of tbe Gile Mountain 
formation, and because it is at some distance from both the "\Vhite 
and Connecticut Rivers. The pink granite of the core of the Leba
non granite is chemically more resistant than the outer quartz
diorite shell; it therefore underlies the hi! Is between the villages 
of Lebanon and Hano er whereas the quartz diorite underlies 
the valley of the Mascoma River west of Lebanon. The pro
nounced topographic break between the hills underlain by the 
Meetinghouse slate and the low-lying adjacent areas underlain 
by the Post Pond volcanic member of the Orfordville formation 
is due, again, to the chemical inertness of the slate, and the rela
ti ely higher chemical olubility of the Post Pond chlorite schists. 

The problem of why the major stream valleys follow their 
present courses in northern New England, and the question of 
how long they have maintained their present patterns are im
ponderable . We know of minor shifts in the cour es of these 
riYers produced as aftermaths of continental glaciation, but we 
have no way of kno,ving, to cite only one example, how many 
millions of years the Connecticut has ri en in northern New 
Hampshire, and has flowed southward along its present course. It 
seems unlikely that we ever shall. 

GLACIATION 
It was slightly more than 110 years ago that Louis Agassiz, 

the great Swiss-born naturalist, commenced the series of observa
tions which soon led him to propound the theory that much of 

orth America had, at one time, been covered by a continental 
ice sheet. Although Agassiz first recognized and studied the effects 
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oE glaciation in the Rhone Valley in Switzerland, the evidence he 
observed there and in America is familiar to us all - the polished 
and grooved appearance of fresh exposures of bedrock, the large 
foreign boulders ( erratics) scattered over the countryside, and 
the unique types and form oE the unconsolidated materials 
mantling the bedrock. 

Geologists believe that the beginning of the recent glacial 
episode (the Pleistocene period) was approximately 600,000 to 
1,000,000 year ago. At intervals during the Pleistocene, great 
continental ice sheets covered large portions of the northern 
hemisphere. In North merica the ice sheets had maximum prob
able thicknes es, in the Hudson Bay region, oE some 15,000 to 
20,000 feet, and extended as far south as Long Island and southern 
Illinois. Glacial geologists have been able to pro e that there were 
four major cycles of accretion and subsequent wasting of the ice 
sheets during the Plei tocene, although we have little evidence 
for any but the la t of these cycle (the ·wisconsin ad ance) in 
New Hampshire. Radiocarbon dating of \Visconsin glacial de
po its in the Mid-\Vest proves that some oE the e were formed as 
recently as 8,500 years ago. 

Bedrock atop i\lt. ·washington (el. 6,288 feet) has been 
craped and coured by \ isconsin ice, and i\lt. A cutney's sum

mit (el. 3,144 feet), 20 miles south oE Hanover, has a liberal 
prinkling oE erratic boulders deposited by the o erriding ice 
heet. It i probable that a mile-thickness of the continental ice 

cap covered the Hanover region as recently as 20,000 years ago. 
Effects of glaciation in this area are locally visible on pol

i hed and scratched ( triated) bedrock outcrops, the scratching 
or ITTooving having been made by boulders embedded in the 
bottom oE the southward-moving ice sheet. The major effects, 
however, are apparent in the bouldery, clayey soil (till) which 
mantles the bedrock. This material repre ents soil and rocks 
scraped up, carried southward, and dropped by the glacier as it 
overrode 1ew England. Some oE the boulder in the till have 
come from nearby area to the north , but others originated hun
dreds of miles away in the region between Hudson Bay and New 
England. 

Expo ed along the valley of the Connecticut and it tribu
taries at elevation below 660 feet is a econd t pe of uncon
solidated material, lightly younger than the till , but also of 
glacial origin. This is the banded (Yar\'ed) cla upon which 
many of the villages of the area are built. As New England wa 
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gTadually uncovered by the melting Plei tocene ice, the lower 
reaches of the Connecticut Valley \\ ere plugged with glacial 
debris, and the glacial meltwaters were temporarily dammed. 
The di covery of the preci e locations of the Pleistocene dam 
(or dams) in the Connecticut Valley has been one of the main 
re earch activities of R. J. Lougee for the past thirty years. He 
has concluded that a major dam existed near East Haddam, Con
necticut, with a secondary, younger dam near Turner Falls, 

Iassachusetts. A great lake (Lake Hitchcock) gradually formed 
in the Connecticut Valley, spreading northward from East Had
dam, Connecticut to Lyme, New Hamµ hire, and flooding the 
valley to the level, at Hanover, of the 660-foot contour line. The 
dam in Connecticut was eventually breached, and the lake level 
abruptly reduced by 90 feet. Subsequently a smaller lake (Lake 
Upham), its level controlled at Turners Falls, Mass. existed 
in the Upper Connecticut, extending to within a few mile 
north of East Burke, Vermont. Some glacial geologists have raised 
questions a to whether the evidences discovered by Lougee 
might not be alternatively interpreted as indicating the existence 
of cattered smaller lakes in the Connecticut Valley rather than 
one 150-mile long Lake Hitchcock. Regardless of this possibility, 
there is no doubt that the Connecticut Valley in the Hanover 
quadrangle was, in Late Pleistocene time, a great lake, and that 
the lake floor wa gradually silted in with meltwater debris. 

The silts which were deposited at the bottom of Lake Hitch
cock are conspicuously varved (banded), the alternating light 
and dark layers corresponding to sediment of lesser and greater 
organic content. According to one interpretation of varved silt 
spring and early-summer sediments are free of vegetal material, 
and are therefore light-colored; fall and winter sediments con
tain the dead carbonaceous matter of the preceding summer, and 
are therefore dark. A combination of a light and a dark silt layer 
(a varve) therefore represents a year' accumulation of sediment 
on the bottom of a glacial lake. sing this premise, and also ac
cepting the idea of a continuous lake (Lake Hitchcock) in the 
Connecticut Valley, Ernst Antevs has studied and correlated the 
varve in numerou clay pit between Hartford, Connecticut and 
St. Johnsbur , Vermont. His conclusion is that Lake Hitchcock 
had an existence of approximately 4,000 years, and that its suc
cessor (Lake Upham) lasted approximately 600 years. Our pres
ent best estimate is that the e lakes exi ted in the interval between 
17,000 and 11 ,000 years ago. 
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There is evidence near Littleton, N. H. of a late-stage "\ i -
consin ice advance, estimated to have taken place about 9,000 
years ago. There is little indication, however, that this advance 
extended as far southward as Hanover. 

Before leaving thi abbreviated summary of the glacial geol
ogy of the Hanover region, it is appropriate to discuss the origin 
and occurrence of the economically valuable sand and gravel 
deposits. These are of two main types. The first is perhaps best 
exemplified by the large gra el deposit currently mined by the 
Twin State Gravel Company immediately south of the illage 
of West Lebanon. This may have originated as a delta or out
wash deposit where the 1ascoma and \Vhite River emptied into 
glacial Lake Hitchcock, discharging their heavy burden of sand 
and gTavel into the quiet waters of the lake. Similarly, many o( 
the tributary streams of the region have deltaic gravel deposits 
somewhere along their courses, at elevations below 660 feet. 

The second type of gravel desposit is far more unusual, but 
by no means unique in glaciated areas. This is a continuous low 
ridge of gravel (an esker) roughly paralleling the Connecticut 
River on the Vermont side, but crossing· to i\i ew Hampshire for 
a total distance of four miles in the vicinity of Hanover. "\!\There 
the ridge has been broken into, as at \Vhite River Junction or 
Hanover, it i evident that it is partly buried by varved clays, 
and mu t be older than them. The accepted theory for the origin 
of eskers, and for the esker of the Hanover quadrangle, is that 
they represent deposits of sand and gravel laid down by stream 
flowing under the ice cap . "\Vhen the ice ha finally melted chi 
gravel depo it stands up a a ridge, outlining the previous path 
of the under-ice stream. IE there had been no Lake Hitchcock in 
the Hanover region, the esker would have stood some 50 to 100 
feet above the surrounding topography. Its burial by Lake Hitch
cock ilts makes its present outline locally obscure. 

Since the wasting away of the Plei tocene ice, there has been 
extensive erosion of the soft glacial depo it . The floor of Lake 
Hitchcock, for example, is deeply dissected and is represented 
now only by remnant such as the plain on which the campus of 
Dartmouth College i situated, and by the numerous similar 
bench-like terraces of the Connecticut Valley with mean eleva
tions of 500 to 540 feet. In a imilar manner, area covered by 
the glacial till have been deeply dissected by post-glacial streams. 

Another, more subtle, post-glacial event has been a gradual 
upwarping of the crust of ew England. In discussing the deposi-
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tion of tbe bedrock of the Hanover region we have pointed out 
how, under a sedimentary load, the earth 's crust progTessivel 
sags as the load increa es. A mile-thick ice cap certainly constitutes 
a great load on the earth' crust, and New England a a whole 
undoubtedly sagged downward under the Pleistocene ice. The 
amount oE the depre ion at the latitude o[ Hanover is uncertain , 
but if the ice were a mile thick (area onable estimate) the cn1 t 
may have been depressed as much a 1,700 feet. As the ice cap 
melted away the crust of the earth rebounded to something ap
proximating its former po ition, but the reco ery was slow and is 
still incomplete. R. J. Lougee has accumulated evidence indicat
ing that the total amount of post-glacial upwarp at the latitude 
of Hano er is at least 700 feet, and po sibly much more. 

A demon tration of present-day upwarping i not ea ily made 
becau e the rate of rebound oE the earth's crust is extremely slow. 
Data such a Lougee's are based partly upon the measurement of 
such feature as the elevation of the upwarped shoreline o[ Lake 
Hitchcock, and the interpretation of the e measurements. An in
direct visual clue that post-glacial uplift ha gone on in the Han
over region is possibly afforded by the terraces so strikingly devel
oped along the Connecticut and everal oE its tributaries. The e 
record the history of the Connecticut River as it re-excavated its 
course, which had been choked with glacial sediments. The vil
lage of \\Test Lebanon, 1 ew Hampshire, for example, is built on 
a series of six terrace . Terraces such as these are developed when 
a stream ha establi bed an equilibrium between its gradient, its 
volume of water, and the amount of material it transports. At this 
tage it changes its major ero ional attack from one of down-cut

ting to one of lateral meandering and erosion. 
The terraces of the Hanover region are cut, o·enerally, into 

varved clay, and therefore post-date Lake Hitchcock. There are 
everal possible explanations for their origin. Fir t, post-glacial 
tream may become locally entrenched over some bedrock ob

struction as they clean out the glacial debris filling their former 
valleys. Thi has two con equences; it may result in a waterfall 
at the obstruction, and it may al o allow the upper reaches oE the 
stream, flowing on soft sediment, to develop a flood plain. Gradu
al dm ncutting and uncovering of everal such bedrock obstruc
tions in the downstream part of a valley may result in the devel
opment of several terraces upstream. 

second explanation of terrace development is that it is 
due to variations in the rate of post-o-lacial upwarping. A stage 
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of almost no active upwarping may coincide with a stage of stream 
meandering and the deYelopment of a broad flood plain. Dur
ing active upwarping there hould be dm ncutting by the streams 
oE the region, and the former flood plain would become a terrace. 
, hether thi explanation or the preceding one applie to the 
terraces of this region is not known with certainty. Should the 
latter explanation be correct, it implies irregular step-like post
glacial rebound of the Hanover region during the past 11 ,000 
years. 

It is very po sible that a combination of the two explana
tion outlined in the preceding paragraphs i the correct an wer 
to the problem of terrace development in the Connecticut Valley 
during po t-Plei tocene time. 

ECONOMIC DEPOSITS 
The depo its of major current economic importance in the 

Hanover q uadrano-le are all of glacial origin, and have been dis
cu sed incidentally under the ection on "Glaciation." Although 
no comparative data are a ai lable, it is probable that the Dens
more Brick Company' operation in Lebanon are of first im
portance. The plant i situated at the northern edge oE the vil
lage oE Lebanon, and ha manufactured brick and tile from 
var ed clay in thi locality for a period of more than sixty year . 
At the pre ent time the compan mine varved clay from a new 
pit a mile and a half west of the village of Lebanon, on the outh 
bank oE the Iascoma River. In view of the large re ources oE 
clay in this region and the steadily increasing demand for brick , 
it is safe to predict that thi industry should flouri h for many 
years to come. 

Another large and actively exploited deposit is the large 
0 -ravel delta (?) mined by the T, in State Gravel Company on 
the southern limits of the village of \Vest Lebanon. Since 1926 
the pit has produced an estimated 3 million yards of sand and 
gravel , with a total value of several million dollars. Te t boring 
by the pre ent operators indicate another forty feet of and and 
gravel below the level of the present pits, a reserve which should 
be adequate for another decade. In addition to erving as a source 
oE sand and gravel, the pits are al o presently yielding raw ma
terial for a road-surfacing company, and a ready-mix concrete 
plant. 
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Other large gravel pits in the Hanover quadrangle have been 
opened on delta deposits along Bragg Brook we t of orwich, 
Vermont and north of the village of \ ilder, Vermont, near the 
mouth of Dothan Brook. The esker of the Hanover quadrangle 
is mined a mile and a half north of the village of Hanover, at 
Hanover, at \,Vhite River Junction, and a mile north of the 
southern boundary of the map area, we t of the Connecticut 
River in the township of ·windsor, Vermont. This last locality 
is the site of the plant of the Vermont Concrete Pipe Corpora
tion. In addition to these mines, there are numerou other maller 
gravel deposits, generally of deltaic origin, which have been 
opened up in numerous localities along the tributaries to the 
Connecticut. Few of these are sufficiently large to be of major 
economic significance. 

Before the granite industry of New England declined be
cause of a variety of economic ills and the competition of Indiana 
limestone and poured concrete, -pink Lebanon granite was quar
ried at e eral localities, notably at Quarry Hill a mile and a 
half north of the illage of Lebanon. The granite is of good qual
ity and has been successfully used in a number of local buildings. 
The Lebanon quanying industry, however, has been defunct for 
thirty-five years, and there seems to be no reason for predicting 
its revival in the foreseeable future. 

One of the potential non-metallic deposits of the Hanover 
quadrangle is kyanite, an aluminum ilicate mineral u ed in the 
manufacture of refractory porcelain , such as are necessary in 
spark plugs. Kyanite occur in many of the schists within the 
kyanite isograd ( ee geologic map), but has not been observed by 
thi writer in an abundance sufficient for commercial production. 
Kyanite in the schists i generally unrecognizable, except by a 
trained mineralogist. A econd variety, however, occurs as long 
blue bladed crystals in quartz veins penetrating the schists. This 
type of kyanite is conspicuous, and although it is generally not 
commercially exploitable, it has attracted some prospecting ac
tivity. During the summer of 1951 the United States Bureau of 

lines diamond-drilled a pro pect on Tigertown Brook, north of 
the village of \Ve t Hartford, Vermont. Total indicated ore re
serves proved too low for production. The most promising oc
currence of kyanite in thi region i in schists on Signal and Hayes 
Hills, three to four miles northeast of the village of Lebanon, 
and east of the limits of this map. brief account of the geology 
of these deposits has been published by Dr. H. I. Bannerman in 
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Part IV of 1ew Hamp hire T\lineral Resources ur ey, is ued by 
the New Hampshire Planning and Development Cammi sion in 
1941. 

Because less than two per cent of the bedrock of the Hanover 
region is exposed, the remainder being concealed by glacial de
posits, it is not unreasonable to hope that the area may contain 
valuable deposits of metallic minerals, as yet undetected. The 
best possibility appear to be for copper and, econdly, for lead 
and zinc. The Vermont copper belt eight to fifteen miles north
northwest of Hanover has been worked intermittently since 1793, 
and ha recently supported a 150-man mine at South Strafford, 
Vermont. Major metallic minerals in the Vermont mines are 
chalcopyrite, a golden-yellow copper iron sulfide, and pyrrhotite, 
a bronze-colored iron sulfide. Se eral pro pect pit have been 
opened on pyrrhotite-chalcopyrite outcrops of the Hanover quad
rangle. Large t of these is on the northeastern slope of Farnum 
Hill, 2.4 mile S. 30° vV. of the village of Lebanon, on property 
now owned by the Lillipage family. Here, more than e enty 
years ago, a shaft reputedly 75 feet deep was unk into the bed
rock, and several drift and trenches were opened up. From the 
ore now exposed on the mine dumps it is evident that the di -
tribution of copper in the deposit wa spotty, and possibly below 
commercial grade. Becau e of the extent of the mineralized area, 
howe er, the prospect merit further exploration. 

Galena, a silvery-colored lead sulfide, and sphalerite, a tan 
zinc sulfide had been mined in colonial time at Thetford, Ver
mont, seven miles north of Hanover. Approximately 15 years ago 
a 45-foot haft wa unk on a galena-sphalerite vein a half mile 
east of the village of Lebanon, and a hundred yards outh of U. S. 
Route 4. Like other galena-sphalerite occurrences in the area, 
this prospect was apparently uneconomic because of the narrow
ne s of the vein and the mall amount of exposed ore. 
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INTERESTING LOCALITIES 
Quechee Gulf 

One of the tourist attractions of the Hano er quadrangle i 
Quechee Gulf, a mile-loncr 160-foot deep gorge cut into the Gile 
fountain formation by the Ottauquechee River at Deweys fills , 
ennont. Like the waterfall and other minor scenic beauties o[ 

the region, Quechee Gulf is an indirect re ult of stream diversion 
resulting from the Plei tocene glaciation. 

Prior to the glacial period the Ottauquechee River made a 
loop a half mile east of Deweys 1ills, and then flowed southward, 
emptying into the Connecticut near Hartland, Vermont. \ hen 
the Connecticut was dammed, with the resulting development 
of Lake Hitchcock, the Ottauquechee Valley wa flooded a far 
west as the village of Taftsville, Vermont, and was gradually 
clogged with the sand and varved clay washed into the lake by 
glacial meltwater . Thus a 160-foot thicknes of ediment filled 
in the pre-glacial alley of the Ottauquechee, and a level floor 
was developed acros the bottom of this estuary of Lake Hitch
cock. \Vhen Lake Hitchcock's waters uddenly receded, there was 
no compellincr reason for the newborn Ottauquechee to flow in 
any pecific direction across the flat lake floor and the direction 
it cho e wa apparently fortuitou . Near the pre ent lower end of 
Quechee Gulf the Ottauquechee eroded quickly through oft 
glacial depo its, and became entrenched on the bedrock of the 
Gile fountain formation. Subsequently the river has worn it elf 
downward and headward through the schi ts, following the di
rection of least resistance (the tructural trend of the bedrock), 
and abrading it channel by rubbing tones and sand aloncr the 
bottom of the stream. At Deweys 1ills the gorge intersect the 
pre-crlacial cour e of the Ottauquechee. The abrupt widening of 
the valley above thi point i due to the relative ease with which 
the ri er has been able to erode the sediment plugging it pre
crlacial channel. IE our glacial chronology is correct, the excava
tion of Quechee Gulf to it present form has been accomplished 
within a period of some 11,000 ear . 

Hartford,. Vermont 

Probabl the best locality in the Hanover quadrangle to gi\'e 
one an idea of the complexity of the bedrock structure i on 
Route 14, along the north bank of the \ hite Ri\'er, and a mile 
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west of the illage of Hartford, Vermont. The excellent expo ure 
here are of the upper portion of the Gile Mountain formation , 
and consist of alternating layers of black phyllite (originally 
black mud), and tan quartz-mica chi t (originally sand). These 
beds have been queezed into a eries of tight northward-plunging 
synclines and anticline (fig. 6) and ha e been jointed, and ub
seq uently exhumed by erosion. Several tructural geologic phe
nomena are nicely iLlu trated in the exposure, such as lineation, 
axial plane cleavage, bedding cleavage, slip cleavage, micro-fault
ing, jointing, reverse drag folding, and pla tic flowage of the weak 
phyllite into the noses and troughs of the fold . 

Fig. 6. Deta il of 1.he highly folded rocks of 1.he Gile Mounta in forma t.ion a mil e 
west. o f H a nford , Vt.. L ighr-colorecl beds are quartz-mica chist; da rk beds a re 
pbyll ite. Veins o f quartz intrude l11e bed , and the cl ea vage in the formation cl ips 
LOward the r ight a l an angle o f approxima 1.e lr 60 degrees. Penci l is for scale. 

The urface of the e outcrops is peculiarly irregular and 
bumpy, particularly near their eastern end, where varved clay 
re t upon the bedrock. The clue to the origin of the e surface 
irregularities is provided by two six-foot diameter holes in the 
bedrock, one in the center o[ the outcrop , and the other at their 
we tern end. The e, very clearly, are potholes and must have 
been formed at a time when the ,vhite River flowed at a le\'el 
approximately 30 feet above its pre ent cour e, at which time 
these outcrops were at the bottom of the river. This must ha,·e 
been prior to the de\'elopment of Lake Hitchcock, ina much a 
its varved clays cover up the waterworn bedrock urface. 
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Fig. i. Jointing in the ,vaits Ri,·er formation 1.5 miles 
::-.: . 55 \V. o[ West Hanford , \'L. cbisLOsity dips awa) 
from the ob erver. Structure appears simple, but rocks 
are complexl) folded (see Fig. ). 

The Hartford outcrops ha e been di cu ed in some detai"i 
becau e they are beautifully illu trative of the geology of the 
region a a whole. Few other localitie how the detail o well 
preserved in the e rocks, but we infer from examination of the 
minor tructure in other outcrop that all the metamorphi 
rock of the Hanover quadrangle have a imilar tructural com
plexity. The ultimate in rock contortion i isible in a 100-foot 
cliff of the Wait River formation, 1.5 mile N. 55° \ . of the 
village of \Vest Hartford, Vermont. Here the rocks are not only 
tightly folded, but the folds have been rotated into a uh-hori
zontal position and the bed zig-zag across the cliff face in a mo t 
complex pattern (fig . 7 and 8). 
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Blow-Me-Down Brook 
Plainfield, New Hampshire 

Lavas which are extruded underwater, or which flow from 
the land into the ocean, as ume peculiar ellipsoidal bapes de
scripti ely called pillow . A remarkably preser ed outcrop of 
pillow lava occurs in the bed of Blow-Me-Down brook, 1.2 miles 

Fig. 8. Detai l of the complex fold pattern in the , aits 
Ri,er formation . View i looking toward one of the 
joint surfaces hown in Fig. 7. 

east of Plainfield, where the brook cro es the belt of rocks marked 
"Oov'' on the g·eologic map. The ancient ba altic pillows at this 
locality have been tilted on end, metamorphosed to hornblende 
schist, and eroded by the brook, but their ellip oidal outlines are 
beautifully pre erved, e en to the dark outer rinds (fig. 9). Other 
less perfectly pre erved pillow lava outcrop in the Hanover 
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quadrangle may be een on a hill 1.3 miles north of the village 
of orwich, Vermont, 1.5 mile up tream from the mouth of 
BeaYer Brook in the outh-central ninth of the quadrangle, and 
at several places along Blood Brook from the village of frriden 
westward. 

Ammonoosuc Thrust Fault 
The best exposure of the Ammonoo uc thrust fault in the 

Hanover quadrangle i at a locality 2.3 miles north of the settle
ment of Lewi ton, Vermont (in the township of Norwich), in 
the cliffs on the west side of Route 5. Rocks in the lower 40 feet 
of the cliff consist of dark green hornblende gneis and inter
bedded quartzite. The fault zone it elf, 30 to 35 feet in thickness, 
i marked by a band of cru hed rock (fault breccia), the bottom 
urface of which dips westerly at 35 to 40 degrees. The upper 50 

feet of outcrop consists of crenulated ericite-chlorite chist which 
has been hoved ea terly se era! thou and feet over the underly
ing hornblende gneiss and quartzite. 

Other Localities 
ome localities in the Hanover quadrangle are well known 

in the geological literature. The beautifully exposed varved clay 
bank on Mink Brook south of the village of Hanover and the 
terrace on Girl Brook north of the town have been shown to 

generations of Dartmouth students, and have been very carefully 
tudied and de cribed by Antev , Goldthwait, and Lougee. Occam 

Ridge and Occam Pond in Hanover (not labelled on the geologic 
map) are well known a esker and kettle hole respectively. The 
Bayou, a mile outhwe t of Hanover near the mouth of link 
Brook has been excellently described by Goldthwait as an aban
doned channel of that stream, and the rocking tone in Prexy's 
garden on the Greensboro Road between Hanover and Lebanon 
has been illustrated in everal of his publication . These features 
are all related to the glacial geology of the region. 

For tho e interested in mineral collecting there are the pros
pect pits described in the preceding pages, and other unique 
localitie . On the outhwest slopes of Craft's Hill in vVe t Leba
non (0.75 miles . 15° E. of the summit) a quartz vein cutting 
throug·h amphibolite ("a" on the geologic map) has, in addition 
to the quartz, 5-inch long sheaves of actinolite and clinozoisite -
an unu ual development for both minerals. The tanding Pond 
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Fig. 9. Hornblende schist in the bed o[ Blow-J\le-Do,rn Brook , 1.2 miles ea t o[ 
the village of Plainfield, N. H. \ e ll-presened pillow tructure indicate that these 
rocks \\·ere Cormerly submarine la\"a· . 

amphibolite in the southwestern ninth of the quadrangle arries 
garnet crystals the ize of golf ball . Excellent quartz-kyanite speci
mens have come from Tigertown Brook, in the northwestern 
part of the region. ome of the granite on Quarry Hill, Lebanon 
ha small cavities in which beautifully terminated quartz and 
feldspar cry tals may be found. taurolite, in typical cruciform 
twins, may be collected on the wests lopes of Crafts Hill in \Ve t 
Lebanon. 

Bedrock structure exi t in profusion. There are, for ex
ample, unu ual vertically-plunging fold on the sou th slope o( 
Farnum Hill, southwest of Lebanon; tretched amygdules in the 
metamorphosed lavas 2½ mile south of v e t Lebanon; dike 
swarm on Black and Prospect Hills north-northeast of Plainfield, 
New Hamp hire; lit-par-lit injection of chlorite chit by granite 
ea t of Hartford, Vermont; recumbent (horizontal) fold at Bun
ker Hill in the northwe tern part of the quadrangle and along 
Hubbard Brook in the outhwestern part of the quadrangle; 
metamorpho ed conglomerate at French's Ledge in Meriden; 
and flow structures (lineation and foliation) in the Lebanon 
granite. Even the man-made structure of the region pay their 
respect to the geologic framework of the area. The new vVilder 
dam it a tride the Connecticut at a seemingly peculiar angle to 
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take advantage of the strong ridge of hornblende schist running 
beneath it and serving as its foundation. 

There are, it is apparent, an endless array of interesting 
geologic phenomena about u . It seems equally evident that it 
i impossible to describe them all. If this booklet provides a frame
' ork for understanding ome of the things we see, and if it in 
any way heightens the reader's appreciation of the ground be
neath him, it has erved its purpo e. 
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act inoli te 

amph ibolite 

an ticl ine 

basalt 

brachiopod 

biotite 

calcareous 

chl0t-ite 

cleavage 

clinozoisi te 

conglomerate 

crinoid 

cystoid 

diabase 

dike 

dip 

dome 

fault 

feldspar 

foliation 

gabbro 

garnet 

gastropod 

gnei 

hornblende 

intrusive 

kettle hole 

kyani te 

GLOSSARY 

a mineral occurring in lender green needles; a calcium iron 
magne ium hydroxy- ilicate 

a rock composed chiefly o[ Lhe mineral hornb lende (q.v.) 

an upfold in layered rocks 

a black fine-grnined lava 

marine organism, an inch or o in diameter, with Lwo ymmeu-i
cal shell 

brown mica; a potassium magnesium iron a luminum hydroxy
ilicate 

an adjective applied Lo rocks containing calcium carbonate (ca l
cite) 

a green platy mineral; a magnesium iron aluminum h droxy- ili
cate 

Lhe tendency of a rock or mineral Lo p lit in preferred direction 

a gray mineral occurring in sheaves; a calcium aluminum hy
droxy- ilicate 

a sedimentary rock containing worn and rounded pebbles of 
other rocks; a cemented gravel; popularly known as pudding Lone 

ea Jilie. and other members of the phylum Echinodennata 

extinct marine organi ms, somewhat similar to the sea lilies; 
phylum Echinodermata 

a dark rock, generally occurring a dike ; compo ed chiefly of 
feldspar and pyroxene 

a tabu lar body of now- olidified but once hot liquid rock; cro . 
cutting 

the maximum angle between an imaginary horizontal plane and 
an inclined rock layer; mea ured in a plane at right angles to 
the u-ike; i.e. the inclination of a rock layer 

a t ·pe of anticline with a ub-circular map pattern; beds dip off 
equally in all directions from the top of the dome 

a break or fracture along which there is relative movement of 
the bedrock on either ide of the fault plane 

the commonest of all minerals; a pink, white, or gray aluminum 
silicate of pota ium, or odium and calcium 

a paralleli m of the platy minerals in a rock; mo t foliated rocks 
cleave easily parallel LO the plane o[ foliation 

a dark-colored coarse-grained rock con i ting principally of feld
spar and pryoxene 
a red equidimensional mineral , forming mall crystal in the 
rock; an iron magne ium aluminum ilicate 
typified by the -nail ; a mollusk, typically having a coiled shell 

a banded metamorphic rock 

dark green needle-like mineral ; a silicate of complex compo ition 

a once-molten rock which ha penetrated into or between other 
rock formations 

a hole or depres-ion in edimem of glacial origin formed where 
buried ice ha gradually melted a1rny 

an aluminum ilicale occurring in light-blue bladed c11stals 
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limestone 

lineation 

magin a 

m etamorphism 

metasoma ti zed 

mica 

orogen y 

phyllite 

plutonic 

pothole 

p yroxene 

quartz diorite 

q ua rtzite 

radiogenic 

sandstone 

schist 

sedimen tary 

sericite 

shale 

stratigraphic 

staurolite 

strike 

syen.ite 

syncline 

trap 

a edimentary rock composed of calcium carbonate 

paralle lism of e longate minerals or minor direct ional ·tructures 
in rock 

the term applied to hot nuid rock; temperature of magmas ap
proximate 10OO°C. ( I 00°F.) 
recon tillltion or recrystallization of one rock into a different 
variety under the innuence of Lemperarnre, pressure, and hearing 
sere ses 

an adjective applied LO rocks which have had chemicals added 
or subtracted as a comequencc of complex geologic processes 

a common heet-like mineral; in metamorphic rocks it is the 
common mineral which make Lhe rock glisten . Brown mica is 
biotiLe; white mica is muscovite or ericite 

Lhe proces of mountain b ui lding; thi involves folding, and 
elevat ion of rocks above sea level 

a lustrous gray or black rock, intermediate between slate and schist 

deep-seated; applied LO rocks formed at ome deplh within the 
earth 

a circular hole dril led imo rock by sand or tones eddying in the 
bottom of a stream 

a da1k elongate mineral; a ca lcium iron magnesium silicate; easily 
confused with hornblende (q.v.) 

a type of rock resembling granite, but contain ing a higher pro
portion of dark-colored mineral , and a different type of feld par 

a hard metamorphic rock compo ed of interlocked quartz grains 

produced by spontaneous radioactive breakdown 

a edimenLar rock compo ·ed principally of quartz 

a metamorphic rock ha,·ing excellent cleavage 

formed by deposition, from water or air, of grains of rock-making 
material ; chemical and organic precipitates are al o con idered 
Lo be sedimentary 

fi ne-grained white mica 

a edimenta1·y rock made of compacted mud 

pertaining to the science of edimenLary-rock study 

a red-brown mineral occuning in cros -shaped cry tals in meta
moqJhic rocks; an iron a luminum hydrox '· ilicate 

the direction of trend of a layered rock; technically Lhe strike is 
Lhe d irection of a horizomal line of imer ection made by cuning 
the layered rock w ith an imagi nary horizomal plane 

a rock 1·esembling granite, but lacking quartz and con i ting pre
dominantly of feldspar 

a downfold in sedimentary rocks 

hard black ba ·a lt occurring either as a now rock (a lava) or as a 
dike rock 
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Goldthwait. 19-16. 56 p. illu . Maps. 1.00. Out of print. 

Geology of the Plymouth Quadrangle. Charles B. Moke. 19-!6. 21 p. illus. Map. $1.00. 
Geology of the Bellows Falls Quadrangle. Frederick C. Kruger. 1946. 19 p. illus. 

Map. 1.00. 
Geology of the Keene-Brattleboro Quadrangle. George E. Moore, Jr. I 949. 31 p . 

illu . fap. '1.00. 
Geology of the Monaclnock Quadrangle. Katharine Fowler-Billings. 19-19. 43 p. 

illus. l\fap. 1.00. 
Geology of the Percy Quadrangle. Randolph \V. Chapman. 19-19. 38 p . illus. Map. 

$1.00. 
Geology of Lovewell Mountain Quadrangle. Milton T . Heald . 1950. 29 p . illus. 

i\fap. 1.00. 
Geology o( Mt. Pawtuckaway Quadrangle. Jacob Freedman. 1950. 34 p . illus. 

:\fap. 1.00. 
Geology o( the Wolfeboro Quadrangle. Alonzo Quinn . 1953. 24 p. illus. Map. 1.00. 
Geology o( the Sunapee Quadrangle. Carleton .-\. Chapman. 32 p. illus. i\fap. 

1.00. 1953. 
Geology o( the Gilmanton Quadrangle. Milton T. Heald . 31 p. illu . i\faps. 1.50. 

1955. 
Geologic Story of Franconia otch and the Flwne. Andrew H. M Nair. 1949. 14 p. 

illu . 20 cents. 
Geology Story of Kinsman r otch and Lo t River. Andrew H. i\fcNair. 1949. H p. 

illus. 20 cents. 
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MI ES AN D i\1 L ER ALS 
cw H ampshire Mineral Resources Survey: 

Part I. General Summary. H . i\I. Bannerm a n . 1949. 9 p . JO cents. 
Part II. Dia tomaceou Earth. Andrew H . i\fcNair. 1941. h p. Map. 10 

Part III. 

Part IV. 

l'art v. 

Pan VI. 
Part \'II. 

P an Vll l. 

Part IX. 

Pan X. 

Part XI. 

Part X U . 

Part XIII. 

Pan XIV. 

Part xv. 

Pan XVI. 

cents. 
P eat Deposits in 'cw H ampshire. George \\' . \ Vhite. Analyses 

by Gordon P. Percival. 1941. Reprinted 1949. 16 p . Map. 
25 cents. 

Sillima nite, Andalu ite, K yani te, and i\Uca Schist Deposits. H. M. 
Bannerman . 1941. R epr inted 1949. 5 p . 25 cents. 

Fluorite Deposits of Cheshire County. H. M . Bannerman . 1941. 
Reprinted 1949. 9 p . illus. Maps. 25 cents. 

Quartz. T . R. Meyer . 22 p . Map . Out of print. 
Structural and Economic Features of some ew H ampshire P eg

m atites. H . 1. Bannem1an . 22 p . Maps. 1943. Reprinted 1950. 
30 cents. 

Sillimanite Deposits in Monadnock Quadrangle. Ka tha rine Fow
ler-Billings. 1944. Repr inted 1949. 14 p. illu . Maps. 25 cents. 

Mineral Composition of ' ew Hampshire Sands. J. \ V. Goldthwait. 
194 . 7 p . Map. 10 cents. 

Glacial Till in ' cw H ampsh ire. Lawrence Goldthwait. 1948. 
11 p . Map. 10 cents. 

Arte ia.n \Velis in New H amp hire. R ichard P . Goldthwait. Studie 
by J. W. Goldthwait, D . H . Chapman, L. Goldthwait. 1949. 
24 p . illus. 25 cen ts. R epr inted 1958. 

Clays of ' cw Hampshire. Pre liminary R eport, D onald H . Chap
man . Phy ical te t of clays b y \ Villard J. utton ; chemical tests 
of clay b y i\I. J. Rice. 1950. 27 p . Map. 30 cen ts. 

Foundry ands of ew Hampshire. Preliminary R eport. T. R. 
Meyers. 'fechanical analy es b y Willi C. Campbell. 1950. 32 p. 
Map. 30 cent . 

Feldspar and Associa ted P egma tite finerals in New Hampshire. 
]. C. Olson . 1950. 50 p . faps. 65 CCllLS. 

Clays of Southeastern New Hampshire. Prelimina ry R ep ort. 
Lawrence Goldthwa it. 1953. 15 p . Map. 50 cent . 

Sa nds of the Merrimack Va lley. Prel iminary R eport. Lawrence 
Goldthwait. 1957. 10 p. 50 cents. 

i\lineral R esources in the L a kes R egion. R eport o f the Mineral R c, o urce Com 
mittee. Lake R egion Survey, May 1945. 10 p. i\Iap. 

Ore Hill Zinc tine, W arren, ew H ampshire. H. f. Ba nnerman . 1943. 2 p . Map. 

GEOLOGIC QU ADRA 'GLE CAPS 
Maps of the follo wing quadra ngle may be purmased a t 50 cents ea ch . .-\ 20~ 

di count allowed in quantitie of JO or more o[ the same map: Bellow Fall , 
Franconia, Keene-Brattleboro, Little ton , Lovewe ll :\fountain, Mascoma, Monadnock, 
)f t. Chocorua, i\It. ube, Ml. Pawtuckaway, M t. Wa hi.ngton , P ercy, Plymouth, 
Sunapee, \ -Vol(eboro. The fo llowing quadrangle map a re out of print: Cardigan , 
) foosilauke, R umney, \\'innipesaukee, W ood ville. 

HOW TO OBT ATh P BLICA T IO S 
Unless pecifically no ted , publi ca tion are free of charge. In cases where there 

i a charge, remitta nce should be made b y po tal money order, expre m oney 
o rder, or meek (payable LO the State of ·cw Hampshire). D o no t send tamp . 
Cu rrency ma ' be ent a t sende r ' risk. Addre requests to 

. H. STAT E PLA :1' ·c & DEVELOPM E T COl\Il\ lIS IO 
State Office Building Conco1·d, ew Hampshire 
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