Brittle Structures and the Grantham Fault Within the Southern Half of the Grantham Quadrangle, New Hampshire
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Abstract  ' \ OJ '\\.\_\ Fractures Formation Number of Total number of | Percentage of Percentage of
The 7.5-minute Grantham quadrangle located in the southwestern New Hampshire contains rocks of the Bronson Hill Anticlinorium (BHA), the Croydon Dome, and N Parting fractures, fractures perpendicular to foliation, symmetrical fracturgs, anql aeisuﬁ?f”ts foliation t parting fractures fractl{ris;ot.th
the New Hampshire Plutonic Suite. These rocks were metamorphosed and deformed during multiple Paleozoic orogenies. The bedrock geology has been covered in TR TR A (O ’:" A fractures have been recorded and two specific groups could be characterlz?d. Flgu.re aﬁex lI | i+ meastrements assc;ua s
areas of lower elevations by surficial deposits. The Grantham Fault, a Mesozoic normal fault separates the Bronson Hill Anticlinorium and the Croydon Dome from the | COfbi’lfarkg\ B \\\ /S o€ hOV,VS a breakdown of fractures mapped and they type of fractures associated with Ealr Qg i olng © Partng
Bethlehem Gneiss, part of the New Hampshire Plutonic Suite. The brittle geologic history of this area is recorded in parting fractures, fractures that are perpendicular L7 B A y\ G TRl | each lithology. " 1%'13 On planes o - o
to foliation, and symmetric fractures. The fracture analysis has provided evidence for the fracture system of the field area. 4 i 9 A WA i i Rock Units West of the Grantham Fault (fig. 6) Bgt:)lre“t?enm gneiss 0 0
The Grantham Fault is characterized by kink folding and silicified zones of almost pure quartz that are chaotic in orientation. There are small areas of the silicified ) S & l‘«j _\ : \- | Oam, r(])Cg, SC, ?nthf aII.Eave llc‘ra;]ctt;res that d:p more sr:eefplyl the CIOS.ET you get to the g)::s)l — T 1 o oI
zones that are brecciated. The portion of the quadrangle east of the Grantham Fault is Devonian Bethlehem Gneiss, which has a generally subhorizontal foliation | '“_G LAz \\\ 7 Ui ' Grantham Ffiu t.-T e §tr| es ot the ractu.res closer to the au t are striking about 1§5 X cia 0 0
with 48% of these foliations displaying parting displacement. Parting fractures are observed at almost every outcrop, but there are also fractures that are 1 _raFgultam | deg.re.es W_h'Ch is equivalent to the faL,"tmg pattern associated with the Bronsqn Hill MMONOeSHE
perpendicular to foliation commonly influencing the topography. The outcrops closer to the fault are more variable in fracture orientation. Many of these fractures =% i Ar.1t|cI|nor|u.m (McHone, 19.9.2)' Ulneie 5 2150 & Syelier amelin of [paring) assedkies (Qam) - -
are perpendicular to foliation. Steeply dipping fractures that strike approximately 185 degrees are prevalent near the Grantham Fault. West of the Grantham Fault ' with these I|’Fholog|es. Ad<1.I|t|onfaIIy there are a much greater number of fractgres that silurian Clougf 1 ! 0% 0%
there is a diversity rock types, represented by the Ordovician Ammonoosuc Formation, Silurian Clough and Fitch Formations, Devonian Littleton Formation, and the dre|perpendiculartorfoliation-higurciBshiowsitheipolesitoplanes ofthespEaific (SC), — - -
Croydon Dome rocks. These formations have a greater number of fractures that are perpendicular to foliation, as well as symmetric fractures that have spacing of S EHUIEs e e, Ordlvician Crydon | 0 y % 100%
approximately T m. A much lower percentage, approximately 20 percent, of these foliations have parting fractures. Rock Units East of the Grantham Fault (fig. 7) SDi(I)unr]i:rgC;ici)h S 1o 0 o 100%
° 0 0
Dbg has a much higher number of parting surfaces associated with unloading. Part-
o T Sm ing is observed at almost every outcrop. The dip angle of these fractures is shallow Figure 5. Breakdown of fractures mapped and percentage of parting surfaces
Lyons et al. (1997) Chapman (1952) - S o < Legend ranging anywhere from 5 degrees to 40 degrees in places. As you move towards —
I croydon - higher elevations, slabs of rock break off along parting surfaces. There is some / A
Dt 2 K | | | | P variation as you get closer to the fault with dip angles of 77 degrees in places. Figure ; :
Figure 2. Generalized tectonic map of the Bronson Hill ® Ffractures .
Terrane in western New Hampshire. Gray shades Dbg 9 shows the poles to planes of the specific fractures mapped.
Dbg Dbg B0 repre{sent the Bronson ,HiII metasedimentary uhits. Oca _—" Contact :'_:.,_:;:”:
Red lines represent 7.5’ quadrangles. Map modified ocg | Contact Uncertain . . ?L "
from Walsh et al. (2012) and Lyons et al. (1997). P _ There could possibly be two different controls on the fracture pattern of these rocks v
—————— oZ:n g or a combination of both. 1) These rocks vary in different lithologies and that way
— — Sf g that they were deposited. This could mean that the difference in fracture data is o
o A T e G ¢ ‘ | simply bz.ased on unit difference. 2) The rocks tha.t are closer to the Grantham Fault are S\ _E_;J__J-f'
Figure 1. the two possible locations of the Grantham Fault. A) Schematic geo- . undergomg brlttle deformed by the faUIt The dlp angles Of these fraCtureS are. mUCh Figure 9. Rock Units East of the Grantham Figure 8. Rock Units West of the Grantham Fault
i e lsaseslon Naw Semss e beseds amslsste mep (Lisms i al, 1997) steeper closer to the fault and the strikes of these fractures are more systematically Fault (Dbag). (0am,0cg,Sc, and Sf)
£ sieamiile grelegfe melp beseel o Sulsges 15 guEelRnse eelonle s , AL north'SOUth. Poles to planes are seperated by paring fractures (Blue) and fractures not associated with parting in (Red). There is a
(Chapman, 1952). " | 1}m_=‘_==-_“£a~05 ! "t;’%fs“s = = | big diffrence depending on the lithology and location.
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Geologic History 1 NN
The lithologies associated with this map were deposited during Paleozoic orogenic events. The Mesozoic low angle Grantham Fault and brittle structures are WA S
younger in age. New England was reactivated by extension and/or minor shearing during the early Jurassic and early Cretaceous rifting of the central and Ao \\
\

northern North Atlantic basin (McHone, 1992). By comparison major folds and thrust faults of New England were produced by Paleozoic orogenic compression. For
example, the Grantham Fault is localized by the margin of the Bronson Hill anticlinorium. This fault was activated by the rifting that happened during the Mesozoic.

Evidence of the rifting has also been seen to the south of the field area with the opening of the Connecticut River Basin. The faulting associated with the Bronson Hill o
Anticlinorium is generally trending in a north-south direction and bounds the Connecticut River Basin. This extensional even has been
characterized by the up side of the Grantham Fault (Ordovician metasediments) and the down side of the Grantham Fault (Bethlehem gneiss). The extension has N
created this normal fault. The fractures associated with the Bethlehem gneiss are very young in age and are related to the unloading as shown by parting surfaces. i
4000 7]

Figure 10. Cross-section from A-A’ %
Grantham Fault 2
The location of the Grantham Fault was one of the major concerns of this research. Two possible locations for the Grantham Fault are shown in fig 1. The current Lithologies ) i
New Hampshire bedrock geologic map (fig. 1A) shows the fault to the northwest of the metasediments, which provides correlation for these formations to the Devonian Bethlehem gneiss. Medium to fine grained granodiorite. Biotite, qtz, feldspars, muscovite. Foliation marked by &;
south of the field area. By showing the fault in this location, these rock units would be identified as Ordovician Rangeley and Partridge. The second location for the obg biotite. Crenulation foliation. Lineation marked by qtz. Gneiss texture. Pegmatite inclusions. Forms high country. Drop wall /
fault is in reference to previous mapping done in this field area (Chapman 1952). The fault is located to the southeast of the metasediments and is identified as the of the Grantham Eault. e < Y -»? ‘
Ordovician Ammnoosac and Silurian Clough and Fitch. In order to properly map this area, the Grantham Fault needed to be clearly identified. - o S : O . Yo AR TN & o

Figure 6. This is a typical outcrop associated with rock units west of the grantham fault. There is much more variation with Figure 7. This a typical outcrop associated with the rock units east of the Grantham Fault. It is clear that there is paring associated

Oliverian Croydon Group. Fine to medium grained. Qtz, biotite, amphibole (hornblende), K-feldspar. Weakly foliated with fracture data. This outcrop is shown with the Behtlehem gneiss. This is observed at almost every outcrop.

Eyi(lzl(e]cnlcs (fig. 3)- Hi £05. 035 found on #1 oqi These kink fold . th evid £ def t' | Uit Th " e of th _ foliation marked by biotite. Western boundary of the Croydon Dome defined by Augen gneiss (Oag). K-feldspar+ granite
ink folds (fig. 3)- Hinge of 05, ound on #1 on geologic map. These kink folds provide us with evidence of deformation along a fault. The specific angle of the inclusions, augen, felsic gneiss. Low-lying swamp-pond area. .
hinge shows that the fault block moving down is the Bethlehem gneiss formation. . . e =k The Role of Fracture Analysis Data and Ground Water

In addition to the investigation of the Grantham Fault the brittle history and fracture pattern of the quadrangle was recorded. Ground water is one of the Nation’s

Littleton Formation. Lack of outcrop evidence South of the Crydon Dome. Boulders scattered with starolite schist, small most important natural resources. Historically, sand and gravel aquifers were the first to be discovered and used, but as the demand for water has gone up the

amounts of silliminite.
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Silicified Zones (fig. 4)- Fluid moved up the fault as movement was happening. This fluid crystallized at the surface forming large outcrops of almost pure quartz.

This quartz is chaotic in orientation. There is also evidence of brecciation in portions of the quartz furthermore showing movement. This are mapped as dark red ir:\(/)erzt(i)?‘aatic(j)enrr?:\r;;t: ﬁiﬁ:koﬁgi;sr:;SrSSEZ?jf?rzC:vrzr;?;ev&r;zmizté S'A‘tchcr‘())rjg;]gtaz trr(])iIiJ”SFfjétIrees Ii%iﬁazsrcrlm gloezupg’cclhosnfgrr?lvg;[g tlcr; :iVJeE{‘hSJrfSShV\;gLEUt
on geologic map. T : . , , — , : —— : - , : .
S i » Silurian Fitch. Fine to medium grained. Qtz, carbonate, calc silicate, magnetite, garnet, chlorite, actinolite, epidote. Marked Mapping rock types and fractures enables a link to be established between fracture orientation, the interconnectivity of fractures, and fracture length with the

by pot marks; “Ant-hole” weathering. availability of water (USGS Fractured). This groundwater is used to provide water for communities as well as for land use. The data focused on the lithological

differences that influenced the fractures as well as the location of the fractures in comparison to the faulting associated with the area. The parting associated
with specific lithologies shows rocks breaking along the weakest points of the rock.

= Silurian Clough. Fine to medium grained. Qtz, biotite, muscovite, silliminite. Quartz-mica schist and layers of felsic gneiss,
quartz pebble conglomerate, and quartzite. Dominate ridge former in the area.

Figure 3. Kink folding associated with
Grantham Fault and movement.

Ordovician Ammonoosuc Volcanics. Fine to medium grained. Amphibole,biotite, muscovite, gtz. Amphibole-biotite gneiss Conclusions

and layers of Quartz-mica schist. The current New Hampshire bedrock geologic map has been mapped wrong. Chapman (1952) mapped the units correctly as the Ordivican Amnoosac, Silurian
Clough and Fitch.
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