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ABSTRACT 

This geologic study focuses on Marblehead Neck, a small Island connected by a 

bridge off Marblehead, MA, characterized by diverse igneous formations. The island, 

part of the Avalon terrane, has a makeup of igneous units. The prevailing map indicates 

exposures of Proterozoic Dedham Granite and Lynn Volcanics, yet the region's 

complexity challenges existing interpretations. These formations, crucial for deciphering 

the Dedham-Milford Zone's history in the area, prompt comparisons with Dedham 

Granite, Milford Granite, Lynn-Mattapan Volcanic Complex, and Middlesex Fells 

Volcanic Complex. Using Petrographic methods and comparing local lithologies, we can 

come to unravel the lithologies origins. Petrographic analyses of the lithologies reveal 

that granodiorite consists of plagioclase (60%), quartz (25%), K- feldspars (5%), 

hornblende (5%), biotite (5%) and includes metasedimentary xenoliths. The granite 

intrudes into the granodiorite and consists of K-feldspar (40%), quartz (35%), plagioclase 

(20%), minor hornblende (5%), and is devoid of metasedimentary xenoliths. The rhyolitic 

flows are mostly fine-grained groundmass, with some plagioclase phenocrysts and mafic 

inclusions. The subvolcanic unit is identified as dacite porphyry. These units showed 

field relations spanning different time periods. Overall, our results indicate the 

granodiorite unit is part of the Dedham Granite, Granite with the Spot Pond Granite, 

Rhyolite with the Lynn-Mattapan Volcanic Complex, and Dacite with later subvolcanic 

activity, possibly related to Lynn feeder dikes or later Pangea volcanism. This approach, 

incorporating fieldwork, remote reconnaissance, petrographic analysis, and petrographic 

comparison to known data, aims to refine the understanding of Marblehead Neck's 

geological evolution within the broader context of the Dedham-Milford Zone.  
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 INTRODUCTION 

Marblehead Neck is a small island situated off the main peninsula of Marblehead, 

MA (Figure 1) by anthropogenically enhanced tombolo. Its bedrock is made up of a 

series of plutonic, volcanic, and metamorphosed sedimentary rock along with various 

igneous intrusions that have been previously identified with various packages in the 

Dedham-Milford Zone of eastern Massachusetts (Zen et al., 1983; Toulmin 1964). It, 

along with the local country to the north and south, is part of the Avalon terrane, an 

exotic section of rock bounded to the east of the Bloody Bluff Fault and underlies the 

geography of much of southern New England to the Avalon Peninsula in Newfoundland. 

The Avalon terrane is a Late Proterozoic exotic terrane that originated as a volcanic 

island arc rifted from Gondwana, accreting to Laurentia in the Late Devonian 

approximately 400 million years ago, and is responsible for the Acadian Orogeny 

(Thompson 2020). Previous works have ascribed the origins of many formations in the 

region to various expressions of subduction zone related magmatism in two periods. 

 

The earlier period is defined during the Late Neoproterozoic, after Avalon began 

rifting from Gondwana as a volcanic island arc (Bell, 1976; Thompson 2014). This 

produced multiple episodes of subduction related magmatism occurring as non-orogenic 

calc-alkaline granites in the Dedham-Milford-Esmond-Fall River Suite and volcanics in 

the Lynn-Mattapan Complex, which intruded the underlying Westboro Quartzite and 

Middlesex Fells Volcanics (Thompson et al., 2012). Avalon arc magmatism has been 

constrained to 610 to 590 Ma during the Ediacaran Period of the Neoproterozoic Era. 

This was followed by faulting, and a fault-bounded intra-arc basin was produced, as seen 

in the Boston Basin (Thompson et al., 2014; Thompson 2012). 

The period that followed illustrates the final drifting and actual accretion of Avalon with 

Laurentia in four episodes, beginning in the Cambrian. These episodes of alkalic 

magmatism are temporally and chemically dissimilar from those found in the Ediacaran. 

These episodes are seen from Danvers gabbro-diorite at 444 Ma, the Cape Ann Granite 

and related plutons at 431-424 Ma, Quincy Granite and related formations at 417-400 

Ma, and the Scituate Pluton-Waltham gabbro-Peabody Granite-Wenham Monzonite-
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Cashes Ledge and Wamsutta volcanic rocks at 381-370 Ma (Thompson et al., 2017; 

McKenna et al., 1993). Around 421 Ma, Avalon had completed its journey to Laurentia. 

Its accretion marked the beginning of the Acadian orogeny, which would last until around 

400 Ma (Thompson et al., 2017; Shride 1976). 

 

The latest official map (Figure 2) of MA shows the island exposing Proterozoic Dedham 

Granite and Lynn Volcanics (Zen et al., 1983). In the field, the rocks are weathered but 

otherwise expose very well along the coast, maintaining crystalline igneous qualities. A 

fault of unknown motion has been inferred to separate this location from the Salem 

Gabbro Diorite of Marblehead proper, running under Marblehead harbor, and as such 

cannot be directly studied (Zen et al., 1983). However, past literature has claimed a 

general right lateral motion for many faults in maritime sections of New England around 

the Dedham-Milford Zone (Goldstein and Hepburn 1999) or otherwise as a steeply 

dipping reverse fault (Wright 2020). 

 

Marblehead Neck is much more nuanced than the latest published bedrock 

geologic map of Massachusetts indicates (Figure 2), and the origin of many of these 

igneous bodies has been controversial. Marblehead Neck’s lithology has been analyzed as 

part of many studies, beginning with Sears in 1893, Zen in 1983, and Thompson in recent 

decades, who has provided precise age dates for many relevant local calc-alkali 

formations. Salem State alumni Rebecca Wright has also done extensive research in the 

area, though focused on the volcanics found in the north of the island (Wright 2020). 

 

For this study, the most important lithologies exposed in Marblehead Neck are a 

white, calc-alkali minorly grained granodiorite, and a diffusively exposing granite with a 

pink, high potassium feldspar expression (Figure 6). Previous publications have 

expressed the granodiorite as an outcropping of the Proterozoic aged Dedham Granite 

Complex, with exact ages from U-Pb at 608.9 ± 1.2, 609.1 ± 1.1, and 609.5 ± 1.1 Ma 

elsewhere in the formation (Thompson et al., 2010). The Dedham Granite is typically 

characterized by medium to coarse grain with a calc-alkaline granitic to dioritic makeup 

and is thought to be a result of a major phase of magmatism related to the partial melting 
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of Avalonian lithosphere above a subduction zone (Ducea et al., 2015). It is noted that 

these are likely maximum ages (Goldsmith, 1991). In some exposures, xenoliths of the 

Westboro formation can be found within the Dedham Granite, an Avalonian 

metasedimentary basement rock. (Goldsmith, 1991). The other major type of lithology 

identified in the map are volcanics, presented as exposures of the Lynn Volcanics 

Complex, an assemblage of Ediacaran felsic volcanics (Zartman, 1984). 

 

It should be noted that the Lynn Volcanics Complex is very likely comagmatic 

with the Mattapan Volcanic Complex (Goldsmith, 1991). Both are mostly rhyolite flows, 

including banded structures with porphyritic assemblages, welded ash flows, and tuff 

(Kaye, 1980; Wright, 2020). Such theories are common in the area, as formations 

including the Middlesex Fells Complex, Nubury Volcanics, and the Milford Granites 

have similar, though unsubstantiated theories connecting them as comagmatic, related, or 

otherwise genetic in the evolution of the Dedham-Milford zone (Goldsmith, 1991). 

Currently, these lack strict geochronological data to concisely describe their relationships, 

although petrologically many are quite similar. 

 

Of the more likely relations of the plutonics present at Marblehead Neck, the 

granodiorite being a possible expression of the Dedham leads to a hypothesis relating it 

temporally to the Milford Granites (Goldsmith, 1980; Zartman and Naylor, 1984). 

Otherwise, dating the rock could lend to the theory that the Dedham granite is an early 

phase of the Lynn volcanics, as past research has seen similarities in lithology (Chute, 

1966) or a possible transition from rhyolite to granite (Goldsmith, 1991). This hypothesis 

is currently under review, as CA-TIMS analysis by Thompson has shown a ~10 Ma 

unconformity between the Lynn-Mattapan Complex and the Dedham Granite south of 

Boston, though tracing that north of Boston has been difficult. (Thompson et al., 2010; 

Wright, 2020). 

 

The purpose of this study is to petrographically identify the intrusive rocks 

present on Marblehead Neck and correlating them to local igneous formations and 

complexes. Comparisons will be made to the Dedham granite, Milford Granite, and 
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plutonic exposures of the Middlesex Fells Volcanic Complex. Using petrographic 

analysis of thin sections, a modal analysis and qualitative analysis can be undertaken, 

allowing the platonic rocks to be checked against possibly related formations. Thus, a 

clarification of the Dedham-Milford Zone’s history can be ascertained within the 

Marblehead Neck area. 
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METHODOLOGY 

Sample Collection and Mapping Techniques 

Minerals and textures were first described in the field at outcrops. Samples were 

collected and labeled according to their locality, then preserved for subsequent analysis. 

In instances where considerable physical and chemical weathering was observed, samples 

were taken from beneath the weathering rind of the rock. The locations of outcrops were 

recorded along with detailed field notes (Figure 1). Initial lithology identification was 

based on modal composition, texture, and field relationships. Field notes were 

complemented with photographs of contacts, if present (Figure 3, 4, 5, 6). In cases where 

exposures were located on private property, their location and lithologies were noted, and 

further examination was conducted using remote reconnaissance methods. Previous field 

notes and recorded coordinates were used to provide context for the lithology and 

geology of the analyzed areas, which were later referenced using Google Earth satellite 

imagery to comprehend large-scale bedrock phenomena. Various software programs, 

including Google Earth, Google Earth Engine, and ARCGIS Pro, were utilized for 

mapping purposes. Outcrop locations were determined based on known outcrop 

locations, lithology, and theorized fault movement. 

Petrographic Analysis 

For large samples, modal composition was determined using a hand lens and a 

simple binocular microscope. Subsequently, samples were cut and prepared for thin 

sections. Analysis of thin sections was performed using a petrographic microscope under 

both PPL and XPL. Modal and textural analyses were carried out on the thin sections and 

compared to the hand samples using qualitative percent methods (Figure 9, 10, 11, 12 ). 

Once mineral percentages were identified, and lithologies were classified using 

petrological determination diagrams (Figure 13). 
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Literature Data Collection 

To establish a comprehensive understanding of the modal makeup and texture of 

the studied geological formations, literature data from Thompson et al., 2010, Wright, 

2020, and Ridge, 2023 were extensively reviewed. These sources provided valuable 

insights into the composition and characteristics of the Dedham Granite, Lynn-Mattapan 

Volcanic Complex, Middlesex Fells Volcanic Complex, Fall River Granite, and Milford 

Granite. Thomson (2010) detailed the modal composition of the Dedham Granite, 

emphasizing its mineralogical constituents and their respective proportions. This 

information was crucial for comparing the modal makeup of the lithologies present at 

Marblehead Neck, especially the plutonics. Wright (2020) provided a similar analysis for 

the Lynn-Mattapan Volcanic Complex, Middlesex Fells Volcanic Complex, Fall River 

Granite, and Milford Granite and was focused on the north of the island, giving valuable 

insight on the volcanics found there. Ridge (2023) enabled detailed exploration of the 

rocks present at Middlesex Fells reservation, mostly focusing on petrology but also 

giving geochronological insight. By synthesizing the data from these sources, a 

comprehensive overview of the modal makeup and texture of the studied geological 

formations was achieved, laying the groundwork for further analysis and interpretation in 

this study. 
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RESULTS 

Marblehead Neck Granodiorite 

The granodiorite sample MH-22-01 exhibits a phaneritic texture, characterized by 

subhedral crystals ranging from 0.1 mm to 2 mm in size, with the outer appearance 

varying from white grey to salmon depending on the degree of weathering (Figure 9). 

Notably, the exposures of this granodiorite sample sometimes contain quartzite xenoliths 

(Figure 7). Thin section analysis reveals the mineral composition to be plagioclase (60%), 

quartz (25%), K-feldspar (5%), hornblende (5%), and biotite (5%), with the presence of 

slight epidote formation and notable fracturing (Figure 9). While the thin section analysis 

concluded the sample to be a granodiorite, it sometimes showed characteristics of a 

monzogranite based on the QAP (Quartz-Alkali Feldspar-Plagioclase) diagram analysis, 

likely due to the variance within a single thin section; nonetheless, the lithology has been 

deemed a granodiorite, aligning with the findings from previous literature (Wright, 2020; 

Thompson et al., 2010). 

 

Marblehead Neck Granite 

The granite sample MH-21-01 displays phaneritic texture with subhedral to 

euhedral crystals of .3mm to 4mm with grains notably larger than the granodiorite sample 

MH-22-01 (Figure 10). In the field, it exhibits a salmon coloration and appears to have 

diffuse chilled margins against the granodiorite seen in some locations (Figure 6B). In 

thin section, it is composed of  K-Feldspar (40%), quartz (35%), plagioclase (20%), and 

minor hornblende (5%) (Figure B). It lacks the fracturing and eclogite formation present 

in granodiorite sample MH-22-01. 

 

Marblehead Neck Rhyolite 

The rhyolite sample MH-22-02 displays mostly a fine-grained groundmass, with 

large plagioclase phenocrysts ranging from .5 to 3 mm. Phenocrysts appear chemically 

and physically weathered. (Figure 11) In hand sample and thin section, most of the rock 
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is a gray-brown groundmass (60%) with visible plagioclase phenocrysts of plagioclase 

(20%) or K-Feldspars (10%) with some opaque minerals (10%). While this unit is mostly 

flow-banded rhyolite (Figure 5), especially in the North of Marblehead Neck, there are 

also prominent subvolcanic and pyroclastic rock found around Castle Rock. Other studies 

have noted this unit to have been tilted after deposition as seen in ash layers (Wright 

2020). 

Marblehead Neck Dacite 

 

The dacite sample MH-22-03 (Figure 12) displays a porphyritic texture with plagioclase 

phenocrysts ranging from .5 to 5 mm. Weathering, both chemical and physical is minor 

to non-existent, though the surface of outcrops is covered in a tan kaolinite which 

resulted from the reaction between the high feldspar content and constant exposure to sea 

water (Figure 8). The groundmass consists of plagioclase, quartz, and biotite. 

Dedham Granite 

The rock is medium to coarse-grained and off white to dark gray. It contains lots of 

plagioclase quartz, and k-felspars, with lesser amounts of hornblende and biotite (Zen et 

al., 1983) (Figure 18). Weathered surfaces exhibit a milky white to pink color, often with 

prominent shear zones. The Dedham intrudes the Westboro and Middlesex Fells 

Formations and can contain inclusions of both formations. Large plagioclase crystals are 

common up to 5 mm long. Epidote alteration in thin section is common. Accessory 

minerals such as apatite and zircon appear as colorless, pyramidally terminated prisms 

with lengths ranging from 150 μm to 350 μm and aspect ratios from 2:1 to 8:1. The rock 

is primarily composed of monzogranites, with minor granodiorite content. (Thompson al., 

2010) 

Lynn-Mattapan Volcanic Complex 

The Lynn-Mattapan Volcanic Complex comprises partly porphyritic rhyolite and 

rhyodacite flows, welded ash-flow tuffs, vitric tuff, lapilli tuff, flow breccias, breccia 

pipers, and extrusion domes (Zen et al., 1983). It overlies the Dedham Granite and 

underlying the Boston Bay Group. It varies greatly in lithology, with four volcanic 
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members identified, including variation in the amount and composition of xenoliths and. 

Lynn Volcanics typically contain phenocrysts of plagioclase, hornblende, and occasional 

microcline, with a notable absence of quartz phenocrysts. (Smith, 1985) 

 

Middlesex Fells Volcanic Complex 

The Middlesex Fells Volcanic Complex is made up of a variety of lithologies but 

is primarily of dark mafic intrusive and extrusive rock, and metamorphosed tuffs, with 

minor amounts of metamorphic rock (Figure 14). Textures include pyroclastic and lava 

flows over a large period of time when the various volcanic activities producing these 

rocks were active. The complex geological history of the Middlesex Fells Volcanic 

Complex is still being unraveled through detailed mapping and analysis (Ridge, 2023). 

Fall River Granite 

The granite is medium grained, leucocratic, and shows little fracutirng. In thin 

section, intergrown perthitic K-feldspar and albitized plagioclase are slightly turbid with 

incipient alteration to fine-grained muscovite, which Wones and Goldsmith (1991) 

interpreted as sericite recrystallized during a Permian thermal event. Mosaic quartz fills 

the interstices between feldspars, and clotted intergrowths of sericite + chlorite + rutile + 

quartz replace original biotite. Accessory minerals include apatite, garnet, xenotime, and 

zircon. (Thompson et al., 2010; Zen et al., 1983) 

Milford Granite 

Small to medium grained granitic rock, high in K-feldspars and mafic 

amphiboles(Figure 15) . The rock is typically light gray to pink with obvious greenish-

gray biotite appearing in spots from 0.2 to 0.5 inches (5.1 to 12.7 mm) across. It is 

commonly locally gneissic. In some locations, evidence exists indicating interaction 

between mafic and felsic magmas to produce a variety of hybrid rocks (Thompson et al., 

2010). It contains interlocking microcline and plagioclase altered to albite and associated 

muscovite and epidote. The feldspars are separated by fine grained intergrowths of quartz 
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displaying conchoidal fracture. Chlorite is present, alongside accessory minerals apatite, 

ilmenite, garnet, titanite, and zircon (Thompson 2010; Zen et al., 1983).  

Spot Pond Granodiorite 

Plagioclase is the dominant feldspar, occurring as creamy white or light greenish-

gray, euhedral to subhedral crystals that can be altered to epidote and sericite. Quartz is 

abundant, occurring as coarse, anhedral, grains. Mafic minerals less common and include 

alteration minerals like chlorite, epidote, and opaque minerals. Amphibole is also minorly 

present. Accessory minerals include sphene (titanite) and apatite. U-Pb zircon ages 

indicate the Spot Pond Granodiorite is Neoproterozoic, around 602-609 Ma, and it is 

considered equivalent to the Dedham Granodiorite south of Boston (Ridge, 2023; 

Thompson, 2010). 

Spot Pond Monzogranite-alkali Granite 

There exists a pinker member of granite attacked to the Spot Pond Granodiorite, 

which exists in two types: a coarse-grained granite indistinguishable in grain size from 

the granodiorite, characterized by abundant light red alkali feldspar, few mafic minerals, 

and less than 15% plagioclase, suggesting they may represent local variations of the 

granodiorite, or large xenoliths of a unit not exposed at the surface. The other is finer-

grained than the host granodiorite, has a granular outcrop appearance, and exhibits sharp 

contacts, potentially representing a xenolith from a unit not exposed in the Fells area 

(Ridge, 2023). 
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DISCUSSION 

 Local Layout 

Petrological analysis indicates distinct rock types exposed in Marblehead Neck: 

granodiorite (MH-22-01), granite (MH-21-01), rhyolite (MH-22-02), and dacite porphyry 

(MH-22-03). All of these rocks are felsic and do not include mixing of lithologies or 

bimodal textures as seen in the Salem-Gabbro-Diorite of the Marblehead mainland. There 

were also diabase dikes that were not included in this analysis. While the new data 

reveals more precise details about Marblehead Neck, the new lithologies and modal 

descriptions are consistent with past work (Wright 2020).   

Field Relations 

Field Relations This heterogeneous assemblage suggests a complex geological 

history in the region. Previous work in the area (Wright, 2020) has shown that the 

rhyolite overlies the granodiorite and may contain xenoliths of granodiorite within it, as 

the granodiorite has xenoliths of quartzite within it. (Figure 7). This type of relationship 

would imply that the rhyolite and associated volcanics are younger than the granodiorite.  

While it is evident that the northern part of the island is predominantly volcanic 

and the southern part is generally plutonic (Figure 1), the exact contact between the 

rhyolite and granodiorite is difficult to trace. This is due to the presence of human 

infrastructure and plant material covering the exposed rock. To determine the absolute 

ages of these rocks, analytical geochronological techniques should be employed.  

Furthermore, the granodiorite shares a boundary with a granite body, where the 

granite appears to have a chilled margin against the granodiorite, albeit in a diffuse 

manner (Figure 6). This suggests that the granite has intruded into the granodiorite, 

indicating that the granite is younger than the granodiorite. 
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Relating Lithologies to Local Formations 

Marblehead Neck Granodiorite 

The granodiorite sample MH-22-01 (Figure 9) displays a phaneritic texture with 

subhedral crystals of .1mm to 2mm with white-grey to salmon outer appearance 

depending on weathering.  In thin section, it consists of plagioclase (60%), quartz (25%), 

K-feldspars (5%), hornblende (5%), biotite (5%). The thin section analysis concluded it 

to be granodiorite, though depending on the region displayed under the microscope 

sometimes showed it to be a monzogranite after QAP diagram analysis (Figure 13). This 

variance is documented within the Dedham Granite in the Middlesex Fells reservation 

(Ridge,2023; Wright, 2020), though most of the Dedham Granite is a granodiorite. The 

sample at Marblehead Neck also noticeably had slight epidote formation present along 

with notable fracturing, which many exposures of the Dedham granite also share 

(Thompson et al., 2010; Ridge, 2023). 

Given these facts, the most similar lithology found in the area with all these 

characteristics is the Dedham Granite, and this unit should be assigned to it as, as it has 

with past investigations (Wright, 2020) 

Marblehead Neck Granite  

The granite sample MH-21-01 (Figure 10) displays phaneritic texture with 

subhedral to euhedral crystals of .3mm to 4mm with grains notably larger than the 

granodiorite sample MH-22-01. In the field, it exhibits a salmon coloration and appears 

to have diffuse chilled margins against the granodiorite seen in some locations (Figure 

6B). This is concluded to be granite. In thin section, it is composed of  K-Feldspar (40%), 

quartz (35%), plagioclase (20%), and minor hornblende (5%) (Figure ). The fact that it is 

so different from the granodiorite, and shows a diffuse chilled margin against it, is 

evidence that this is a separate body. Notably, there is a section of rock found in 

Middlesex Fells called Spot Pond that is a member of the Dedham granite, with an 

attached pink granite. The granite’s position in Marblehead Neck could be a similar 

scenario, where another melt has been injected into the Dedham. In fact, the rock there, to 
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quote ridge, “a granite as coarse-grained as the host granodiorite, characterized by 

abundant light red (2.5YR 6/8) alkali feldspar crystals (up to 65%), few mafic minerals, 

and less than 15% plagioclase, suggesting they may represent local variations of the 

granodiorite or large xenoliths of a unit not exposed at the surface” (Ridge, 2023). This 

lithology and field relationship is extremely similar to what is found in Marblehead Neck, 

and merits further geochemical and geochronological comparison between the two. 

Should the granite not be related to Spot Pond, however, it could still be related to 

the Milford or Fall River granites. The lack of mafic minerals and existence of them in 

Milford/Fall River would have to be explained, but given the larger crystal size, higher k-

feldspar content, and it having to belong to a unit younger than the granodiorite (Dedham 

Granite), the Fall River or Milford Granites could still be related to them.  

Marblehead Neck Rhyolite  

The rhyolite sample MH-22-02 (Figure 11) displays mostly a fine-grained 

groundmass, with large plagioclase phenocrysts ranging from 0.5 to 3 mm. The 

phenocrysts appear chemically and physically weathered. In hand sample and thin 

section, most of the rock is a gray-brown groundmass (60%) with visible plagioclase 

phenocrysts of plagioclase (20%) or K-Feldspars (10%) and some opaque minerals 

(10%).  

The sample (MH-22-02) likely belongs to the Lynn-Mattapan Volcanic Complex, 

which comprises partly porphyritic rhyolite and rhyodacite flows, welded ash-flow tuffs, 

vitric tuff, lapilli tuff, flow breccias, breccia pipers, and extrusion domes. The volcanics 

of consideration are interpreted as the ignimbrites, lapilli and crystal tuffs, devitrified 

obsidian flows, and rhyolite porphyry. The contact between the Dedham and the lapilli 

tuff excludes any other formation existing in the stratigraphy between the units, and no 

other xenoliths of other formations is found in the area. Therefore, this unit is considered 

to be part of the Lynn-Mattapan Volcanics Complex as concluded by past work (Wright, 

2020). 
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  Marblehead Neck Dacite 

The dacite sample MH-22-03 (Figure 12) displays a porphyritic texture, with plagioclase 

phenocrysts ranging from 0.5 to 5 mm in size. Despite the constant exposure to seawater, 

weathering, both chemical and physical, is minor. However, the surface of the outcrops is 

covered in a tan clay mineral layer, which likely resulted from the reaction between the 

high feldspar content of the dacite and the seawater. (Ridge 2023 )The groundmass of the 

sample consists of plagioclase, quartz, and biotite.  

Sample MH-22-03 likely represents a later pulse of igneous activity that cross-

cuts all other lithologies in the area (besides the basalt dikes not detailed here), indicating 

multiple episodes of both intrusive and extrusive igneous activity. This could potentially 

be related to feeder dikes within the Lynn Volcanics, or Pangean volcanic activity that 

occurred considerably after the earlier igneous events in the region (Wright, 2020). These 

observations suggest a more complex geological history for the Marblehead Neck area 

than previously understood, with multiple phases of igneous activity, including a later 

intrusive event that cross-cuts the earlier lithologies. Further investigation would be 

needed to fully elucidate the tectonic and magmatic processes that shaped this lithology. 

Further Exploration Using Other Methods 

While the petrological analysis and field observations presented in this study 

provide valuable insights into the complex geological history of the Marblehead Neck 

area, there are still some limitations in fully confirming the proposed hypothesis 

regarding the exact timing and relations of these rocks. The supporting papers referenced 

in this work have relied primarily on petrological comparisons and field relationships to 

make connections between the various igneous rock formations. These techniques are 

good at identifying and categorizing formations, but alone may not be sufficient to 

definitively establish the origins and tectonic environments of the disparate formations. 

Mineral assemblages and textural features can provide clues about the general 
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environment of formation, but do not necessarily reveal the absolute differences in the 

tectonic settings.  

To confirm the hypothesis more conclusively, it is imperative that the dataset be 

expanded to include geochemical and geochronological analyses. Techniques such as 

whole-rock geochemistry, isotopic dating, and trace element signatures can help spatially 

and temporally distinguish the different igneous events, providing the necessary absolute 

data to complement the relative differences observed through petrological and field 

studies.  

By incorporating these more advanced analytical methods, better constraints on 

the timing and tectonic settings of the various igneous pulses can be made, ultimately 

leading to a more comprehensive understanding of the geological history of the 

Marblehead Neck area. This approach, combining detailed petrological observations with 

targeted geochemical and geochronological data, will be crucial in confirming the 

proposed hypothesis and elucidating the complex magmatic and tectonic processes that 

have shaped this region over time. Such work was undertaken by Connor, with 

geochemistry on the four lithologies and geochronology on the granodiorite. (Connor, 

2024). 
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APPENDIX 

 

 

Figure 1: Geological map of Marblehead Neck (modified after Wright., 2020). A. large scale 
map of Marblehead Neck, showing its location in eastern MA. B. Detailed map of exposed 

lithologies. southern coast of Marblehead Neck 
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Figure 2: Bedrock map of MA modified after Zen et al., 1983. Inset map showing Marblehead 
Neck exposing the Lynn Volcanics (yellow w/dots) and Dedham Granite (pink) dominating the 

island, as well as an inferred fault (dotted line) sitting beneath the harbor. 
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Figure 3: Field Picture of mapping area with basalt (grey) in the foreground, granodiorite 
(white) in the midground, and Granite (pink) in the background. 
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Figure 4: Field photo of weathered Granite at the shore of southern Marblehead Neck. Basalt 
(grey) and granodiorite (white) are seen behind it. 
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Figure 5: Field photo of flow banded rhyolite found in Northern Marblehead Neck. The volcanic 

rock in this area can range from rhyolite, to tephra and lapilli. 
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Figure 6: Field photo taken at the southern coast of Marblehead Neck at low tide. Granite 

exposed here shows a diffuse chilled margin against the granodiorite, illustrated in the dotted 
line shown. 
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Figure 7: Field photo of granodiorite containing a xenolith of quartzite, shown by the dark line. 
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Figure 8: Field photo of dacite with fracturing and clay mineral formation present on the 
weathered surface. The dacite is cut by a diabase dike oriented N-S.  
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Figure 9: Thin section photo and modal analysis of granodiorite sample MH-22-01. 
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Figure 10: Thin section photo and modal analysis of granite sample MH-21-01. 
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Figure 11: Thin section photo and modal analysis of rhyolite sample MH-22-02. 
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Figure 12: Thin section photo and modal analysis of dacite sample MH-22-03.. 
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Figure 13: QAP Diagram of data belonging to samples MH-22-01(blue) and MH-21-01 (red). 
The samples shown here are granodiorite and granite respectively. 
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Figure 14: Field photo of Middlesex Fells Volcanic Complex Rock Dark gray metabasalt, 

hammer for scale (Ridge, 2023). 
 

 

 
Figure 15: Photo example of cut block of Milford granite. 
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Figure 16: Photo example of Fall River Granite used in a building. Note the large size of k-

feldspar crystals. 
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Figure 17: Summary of U-Pb zircon ages of granitoids from southeastern New England 
showing different phases of Avalonian magmatism from youngest on the top-left to oldest on 

the bottom-right. (Thomson et al 2010, 2018; Ridge 2023; Connor. 2024). 
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Figure 18: Photo example of Dedham Granite, appearing very pink in this photo. Depending on 

location exposed, coloration can vary. 
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