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CORRELATION OF MAP UNITS

Silurian

Trassic

MASSABESIC GNEISS
COMPLEX

METASEDIMENTARY
 ROCKS OF THE CENTRAL 

MAINE TERRANE

NEW HAMPSHIRE 
PLUTONIC SUITE

PERMIAN INTRUSIVE 
IGNEOUS ROCKS

CAMPBELL HILL 
FAULT ZONE

MESOZOIC DIKES

Permian

Devonian

�q

Dsp

Dsg

Spaulding
Tonalite

Pdg

Ppg

Granite at
Damon Pond

Pegmatite
and Granite

PDmg

PZmg

Zmlg

Zma

Neoproterozoic

Rangeley Formation

Srr

Srq
Sr

Srb
Srmg

Srmg

Srq
Srb Srlb

Jurassic

Srr

U.S. Department of the Interior
U.S. Geological Survey

Open-File Report 2013–1027

�q

Pdg

Ppg

Dsp

Dsg

Srmg

Srr

Srb

Srq

Srlb

PDmg

PZmg

Zmlg

Sr

46

12

66

70

37

54

66

82

80

65

67

45

35

75

54

15

Zma

H
10

DESCRIPTION OF MAP UNITS

Diabase dike (Jurassic)—Dark-gray, fine-grained diabase.  Forms dikes 1 
to 2 meters (m) thick cutting other rocks

TRIASSIC SILICIFIED ZONES

Quartz (Triassic)—Gray- to white-weathering, fine-grained, massive white 
quartz forming crosscutting veins several millimeters or centimeters thick 
to meters thick.  Vein quartz is of multiple generations: the oldest and 
most heavily intruded is well-foliated muscovite-quartz rock, marking the 
earliest preserved states of fault movement; muscovite from this rock has 
yielded a 40Ar/39Ar minimum age of 239 million years (Ma) (Dorais and 
others, 2012).  Occurs as map-scale lenses tens of meters wide and 
hundreds of meters long along the Campbell Hill fault zone

PERMIAN INTRUSIVE IGNEOUS ROCKS

Granite at Damon Pond (informal name) (Permian)—Gray, equigranu-
lar, muscovite-biotite-potassium feldspar-plagioclase-quartz granite with 
centimeter- to meter-scale veins and dikes of coarse-grained, pink 
pegmatite with centimeter-scale phenocrysts of potassium feldspar and 
biotite.  This unit yielded a U-Pb Thermal Ionization Mass Spectrometry 
(TIMS) crystallization age of 275 Ma, corresponding to the Alleghanian 
orogeny (Aleinikoff and others, 1979)

Pegmatite and granite (Permian)—White-weathering, coarse-grained 
biotite-potassium feldspar pegmatite and subordinate, light-gray biotite-
muscovite granite (similar to granite at Damon Pond)

INTRUSIVE IGNEOUS ROCKS OF THE NEW HAMPSHIRE PLUTONIC 
SUITE

Spaulding Tonalite (Early Devonian)—In field area is granodioritic and 
possibly granitic in composition

Pegmatite—White, coarse-grained biotite-muscovite-potassium feldspar-
quartz-plagioclase pegmatite. Occurs as sills and crosscutting dikes, most 
commonly in tightly folded zones of schist and adjacent to contacts of 
granodiorite (Dsg)

Granodiorite—White to pale-tan to gray, medium-grained, massive to 
moderately foliated, muscovite-biotite-potassium feldspar-quartz-plagioclase 
granodiorite. Occurs as sills and crosscutting dikes; outcrop- and map-
scale contact relationships suggest intrusion occurred after development 
of dominant schistosity S(n) and synkinematic with S(n+1)

METASEDIMENTARY ROCKS OF THE CENTRAL MAINE TERRANE

Rangeley Formation (Silurian)—

Migmatite schist and gneiss—Gray, fine- to medium-grained, 
well-foliated biotite-muscovite-plagioclase-quartz schist and gneiss 
containing concordant stringers and pods of granite and pegmatite.  
Mostly developed in axial zones of S(n+1) folds and near contacts with 
granodiorite of Spaulding Tonalite (Dsg)

Light-gray biotite-muscovite schist—Silver to light-gray, medium-
grained, well-foliated biotite-muscovite-plagioclase-quartz schist.  Lacks 
layers of biotite schist and granofels (Srb)

Rusty biotite-muscovite schist—Rusty- to gray-weathering, fine- to medium-
grained, well-foliated to finely layered garnet-biotite-muscovite-plagioclase- 
quartz schist. Locally contains sillimanite, and tourmaline is a common 
accessory mineral. Locally contains layers, one to several centimeters thick, 
of gray granofels or quartzite, and rare coticule.  Muscovite from this unit has 
yielded a 40Ar/39Ar plateau age of 247 Ma (Triassic), interpreted as a cooling 
age from Alleghanian metamorphism (Dorais and others, 2012)

Biotite schist and granofels—Medium- to dark-gray-weathering, fine- to 
medium-grained, well-foliated, gray garnet-muscovite-biotite-plagioclase-
quartz schist and fine-grained quartz-plagioclase granofels. Granofels 
occurs in multiple layers one to several centimeters thick, with schistose 
interbeds.  Muscovite from this unit has yielded a 40Ar/39Ar plateau age 
of 247 Ma (Triassic), interpreted as a cooling age from Alleghanian 
metamorphism (Dorais and others, 2012)

Rusty quartzite and schist—Rusty-sulfidic-weathering, fine-grained 
quartzite interlayered with biotite-muscovite schist. Locally contains 
punky-weathering pods of calc-silicate

Layered biotite granofels—Greenish-gray to pale-brown, fine-grained, finely 
layered plagioclase-quartz granofels and granofelsic diopside-plagioclase-
quartz calc-silicate.  Lacks schistose layers of biotite schist and granofels (Srb)

MASSABESIC GNEISS COMPLEX

Migmatite gneiss (Permian to Devonian)—White to light-gray, equigranu-
lar, biotite-muscovite-potassium feldspar-plagioclase-quartz gneiss. Typically 
lacks strong foliation but contains variable amounts of distinctive 
plagioclase-quartz-biotite inclusions having strong foliation. Unit is a diatex-
ite after the classification of Sawyer (2008)

Layered migmatite (Permian to Neoproterozoic)—Light- to dark-gray, 
well-layered muscovite-potassium feldspar-plagioclase-biotite-quartz gneiss, 
interpreted as restite with strong foliation defined by aligned biotite, interlay-
ered with unfoliated magnetite-muscovite-quartz-plagioclase-potassium 
feldspar leucosome.  Restite is locally hornblende bearing; hornblende from 
this lithology has yielded a 40Ar/39Ar total gas age of 257 Ma (Permian), 
interpreted as a cooling age from Alleghanian metamorphism (Dorais and 
others, 2012). Unit is a stromatic metatexite after the classification of Sawyer 
(2008)

Layered paragneiss and orthogneiss (Neoproterozoic)—Light- to 
dark-gray, well-foliated and well-layered, muscovite-potassium feldspar-
biotite-plagioclase-quartz gneiss.  Scale of layering of orthogneiss and 
paragneiss ranges between several centimeters to meters.  Unit is 
interpreted to be the unmelted host of the younger Massabesic Gneiss 
Complex units.  Quartzite from this unit has yielded detrital zircon having 
a concordant U-Pb age of about 790 Ma (Neoproterozoic), interpreted 
as a maximum age of deposition (Dorais and others, 2012)

Amphibolite gneiss (Neoproterozoic)—Dark-green to black, well- 
foliated, garnet-biotite-plagioclase-hornblende gneiss.  Occurs as discon-
tinuous zones typically 1 to 3 m thick within Zmlg and as restites in 
PDmg.  Cores of metamorphic zircons from this lithology have yielded 
a Sensitive High-Resolution Ion Microprobe (SHRIMP) U-Pb Concordia 
age of 404±3 Ma (Early Devonian), interpreted as the age of Acadian 
metamorphism (Dorais and others, 2012)

EXPLANATION OF MAP SYMBOLS

Contact—Approximately located; dotted where concealed by water

Outcrops—Areas of exposed bedrock or closely spaced contiguous 
bedrock exposures examined in this study

FOLDS
[Approximately located; dotted where concealed by water. Folds show 
trace of axial surface, direction of dip of limbs, and direction of plunge]

Anticline

Overturned anticline

Overturned syncline

FAULTS
[Approximately located; dotted where concealed by water]

Left-lateral oblique-slip ductile fault—Powder Hill and Cricket Hill 
faults. Hachures on downthrown block; paired arrows show relative 
motion. Blastomylonitic shear zone is several tens of meters wide and 
has kinematic fabrics indicating down-to-the-northwest motion with a 
left-lateral component. Powder Hill fault marks boundary of Massabesic 
Gneiss Complex with central Maine terrane, and formed during uplift 
of Massabesic Gneiss Complex late in Alleghanian orogeny (Permian) 
(Dorais and others, 2012), prior to the intrusion of Permian igneous 
rocks (Pdg and Ppg). In cross section: A, away from observer; T, 
toward observer

Normal fault—Ball and bar on downthrown block. Found within 
Campbell Hill fault zone. Locally contains zones of hematite 
mineralization, brecciation, and slickensided surfaces with downdip 
slickenlines.  Defines boundaries of quartz bodies (�q). Likely Triassic in 
age

PLANAR FEATURES
[May be combined with other planar and (or) linear features; where features 

are combined, intersection of symbols marks point of observation]

Strike and dip of inclined bedding

Strike and dip of inclined foliation (n-1)—Metamorphic foliation older 
than dominant foliation (includes schistosity and gneissosity). Likely 
Acadian age in rocks of the Massabesic Gneiss Complex, central Maine 
terrane, and the New Hampshire Plutonic Suite

Strike and dip of foliation (n)—Dominant igneous and metamorphic 
foliation (includes schistosity, gneissosity, and cleavage). Likely 
Alleghanian (Permian) in age in rocks of the Massabesic Gneiss 
Complex, and Acadian (Devonian) in age in rocks of the central Maine 
terrane and the New Hampshire Plutonic Suite

Inclined
Vertical

Strike and dip of foliation (n+1 or younger)—Igneous and 
metamorphic foliation younger than dominant foliation (includes 
schistosity, gneissosity, and cleavage). Likely Alleghanian (Permian) in 
age in rocks of the Massabesic Gneiss Complex and Acadian 
(Devonian) in age for rocks in the central Maine terrane and the New 
Hampshire Plutonic Suite.  In Triassic rocks, foliation is likely Triassic in 
age

Inclined
Vertical

Strike and dip of inclined axial plane (n)—Bisects folds in older n-1 
schistosity in Rangeley Formation rocks

Inclined
Vertical

Strike and dip of axial plane (n+1 or younger)—Bisects folds in 
dominant foliation n. Likely Acadian age in rocks of the central Maine 
terrane and Alleghanian in rocks of the Massabesic Gneiss Complex 

Inclined
Vertical

Strike and dip of quartz veins—Probably late Paleozoic to early 
Mesozoic in age

Inclined
Vertical

Strike and dip of Jurassic diabase dike

Inclined
Vertical

Strike and dip of Devonian pegmatite dike (Dsp)

Inclined
Vertical

Strike and dip of inclined dike of Devonian Spaulding Tonalite (Dsg)

Strike and dip of inclined granitoid dike generated during the 
formation of migmatite gneiss (PDmg)

LINEAR FEATURES
[May be combined with other linear features and with planar features; where 
features are combined, intersection of symbols marks point of observation]

Bearing and plunge of fold axis (n-1)

Bearing and plunge of fold axis (n)

Bearing and plunge of fold axis (n+1 or younger)

Bearing and plunge of mineral lineations

Bearing and plunge of the intersection between surface (n) and 
older surface (n-1)

OTHER FEATURES

40Ar/39Ar sample localities in Dorais and others (2012, figure 12)—See 
table 1

U-Pb geochronology sample locality in Aleinikoff and others  (1979; 
sample Z-7) and Dorais and others (2012; sample PV-1-95)

Bedrock Geologic and Joint Trend Map of the Pinardville Quadrangle, 
Hillsborough County,  New Hampshire

By
William C. Burton and  Thomas R. Armstrong

2013

Any use of trade, product, or firm names in this publication is for descriptive purposes only and does not 
imply endorsement by the U.S. Government.

This map was printed on an electronic plotter directly from digital files. Dimensional calibration may vary 
between electronic plotters and between X and Y directions on the same plotter, and paper may change 
size due to atmospheric conditions; therefore, scale and proportions may not be true on plots of this map.

For sale by U.S. Geological Survey, Information Services, Box 25286, Federal Center, Denver, CO  80225; 
1–888–ASK–USGS (1–888–275–8747)

Digital files available at http://pubs.usgs.gov/of/2013/1027/

Suggested citation:  Burton, W.C., and Armstrong, T.A., 2013, Bedrock geologic and joint trend map of the 
Pinardville quadrangle, Hillsborough County, New Hampshire: U.S. Geological Survey Open-File Report 
2013–1027, one sheet, scale 1:24,000 [http://pubs.usgs.gov/of/2013/1027/].

Base from U.S. Geological Survey, 1968; photorevision as of 1985
1983 North American Datum
10,000-foot grid ticks based on New Hampshire coordinate system
1,000-meter Universal Transverse Mercator grid ticks, zone 19N, 
shown in blue

Geology mapped in 1998
GIS database by James E. Reddy (2001–2002) 

with E. Allen Crider (2012)
Cartography by E. Allen Crider (2012)

Publication approved on September 17, 2013

SCALE 1:24000

CONTOUR INTERVAL 10  FEET
NATIONAL GEODETIC  VERTICAL DATUM OF 1929

MAP  LOCATION

N.H.

M
A

G
N

E
T

IC
  N

O
R

T
H

APPROXIMATE MEAN
DECLINATION, 2013

TRU
E  N

O
RTH

15° Base from U.S. Geological Survey, 1968; photorevision as of 1985
1983 North American Datum
10,000-foot grid ticks based on New Hampshire coordinate system
1,000-meter Universal Transverse Mercator grid ticks, zone 19N, 
shown in blue

Geology mapped in 1998
GIS database by James E. Reddy (2001–2002) 

with E. Allen Crider (2012)
Cartography by E. Allen Crider (2012)

Publication approved on September 17, 2013

SCALE 1:24000

CONTOUR INTERVAL 10  FEET
NATIONAL GEODETIC  VERTICAL DATUM OF 1929

MAP  LOCATION

N.H.

M
A

G
N

E
T

IC
  N

O
R

T
H

APPROXIMATE MEAN
DECLINATION, 2013

TRU
E  N

O
RTH

15°

REFERENCES CITED

Aleinikoff, J.N., Zartman, R.E., and Lyons, J.B., 1979, U-Th-Pb geochronology of 
the Massabesic Gneiss and the granite near Milford, south-central New Hampshire; 
new evidence for Avalonian basement and Taconic and Alleghenian disturbances in 
eastern New England: Contributions to Mineralogy and  Petrology, v. 71, iss. 1, p. 
1–11.

Dorais, M.J., Wintsch, R.P., Kunk, M.J., Aleinikoff, J.N., Burton, W.C., Underdown, 
Christine, and Kerwin, C.M., 2012, P-T-t conditions, Nd and Pb isotopic composi-
tions and detrital zircon geochronology of the Massabesic Gneiss Complex, New 
Hampshire;  isotopic and metamorphic evidence for the identification of Gander 
basement, central New England:  American Journal of Science, v. 312, no. 10, p. 
1049–1097.

Lyons, J.B., Bothner, W.A., Moench, R.H., and Thompson, J.B., Jr., 1997, Bedrock 
geologic map of New Hampshire: Reston, Va., U.S. Geological Survey, 2 sheets, 
scales 1:250,000 and 1:500,000.

Sawyer, E.W., 2008, Atlas of migmatites: The Canadian Mineralogist, Special 
Publication 9, 371 p.

Zen, E-an, ed., Goldsmith, Richard, Ratcliffe, N.M., Robinson, Peter, and Stanley, 
R.S., comps., 1983, Bedrock geologic map of Massachusetts: Reston, Va., U.S. 
Geological Survey, 3 sheets, scale 1:250,000.

Campbell H
ill F

ault

Clinton Newbury Fault

71º

71º

43º

25 KILOMETERS

43º

New Hampshire
Massachusetts

Pinardville
Quadrangle

Exeter Pluton

Pawtuckaway
Complex

Hollis 
Pluton

Fitchburg 
Plutons

Damon Pond 
Pluton

Barrington 
Pluton

Centra
l  M

aine  T
erra

ne

Merri
mack  T

erra
ne

Nash
oba Te

rra
ne

Rye
 

Complex

Mass
abesic

 Gneiss
 

Complex

Figure 1—Lithotectonic setting of the Pinardville quadrangle.  Figure adapted
from Dorais and others (2012).  Geologic contacts from Lyons and others 
(1997) and Zen and others (1983).

Sample
number

Muscovite Amphibole

6 247
7 247
10 258
11 <239
12
13 260

Potassium
feldspar

243–200

Biotite

<248
<264
240

236

Table 1. Summary of 40Ar/39Ar cooling ages (in Ma) 
from samples in the Pinardville quadrangle (from Dorais
and others (2012), figure 12)
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     Joint Trend Map Explanation
          [See Explanation of Map Symbols for the geologic map at left for explanation of contacts, outcrops, and faults] 

Azimuth-frequency (rose) diagram for steeply dipping (greater than 60º) joints 
measured in outcrop—Box touches or encompasses the outcrops examined for 
each rose diagram.  The total number of joints measured in outcrop for each rose 
diagram is given. For groups of closely spaced subparallel joints (joint sets), one 
representative measurement was taken and then multiplied by the number of joints 
present.  Variations in number of measured joints reflect natural variability in rock 
fracturing.  Rose diagrams were generated using Stereonet software by Richard Allmendinger 
(http://www.geo.cornell.edu/geology/faculty/RWA/programs/stereonet-7-for-windows/)
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