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DESCRIPTION OF MAP UNITS

MESOPROTEROZOIC MIDCONTINENT RIFT INTRUSIVE SUPERSUITE

  Beaver Bay Complex—Mafic to felsic intrusions emplaced into the North Shore Volcanic 
Group.  The Beaver Bay Complex in this map area consists of small, unnamed 
dikes of ophitic diabase, the Murphy Mountain diabase, the Monker Lake diabase, 
and a larger unit that is inferred to be continuous with the Lichen Lake and Lake 
Clara diabases to the southwest of this map area (Fig. 1; Miller and others, 2001; 
Miller and Green, 2002; Boerboom and others, 2007, 2009).  Many of these units 
continue east into the previously mapped Grand Marais quadrangle (Boerboom 
and Green, 2010), where more detailed petrographic descriptions are provided.  No 
cross-cutting intrusive relationships were observed during field mapping, hence the 
relative timing of emplacement of the various diabase units are unknown; however, 
they are presumably close in timing.

The major dikes and sills of diabase show up prominently on lidar imagery 
(Figs. 1, 2) as topographic highs with irregular lidar expressions, in contrast to the 
volcanic strata, which form smoother, semi-continuous linear ridges.  The diabase 
units are generally well exposed, whereas the volcanic units are only well exposed 
locally, despite the prominent lidar topographic ridges.

  Murphy Mountain diabase—Informal name for an intermittently exposed east-trending      
diabase dike; named after Murphy Mountain, which forms a prominent but 
discontinuous ridge at the south edge of the map.  The south contact of the diabase, 
exposed in Fall Creek, is near vertical, and exhibits contaminated/hybridized zones 
(unit mmh) that are the result of melting and incorporation of the adjacent rhyolite 
(unit ngp).  Unit extends east into the Grand Marais quadrangle (Boerboom and 
Green, 2010).

 mmh  Augite ferromonzodiorite—Coarse-grained, prismatic ferromonzodiorite and related 
fine-grained aplitic dikes and pods.  Occurs as a segregation near the margin of 
the Murphy Mountain diabase and is most likely the product of contamination of 
the diabase magma by felsic melts derived from the adjacent rhyolite.  See Table 
1 (sample DTB-190, from a hybridized zone at the south margin of unit mmd) for 
chemical composition.

 mmd  Ophitic olivine diabase—Gray, medium-grained, sparsely porphyritic.  A thin, marginal 
zone of coarse-grained prismatic ferromonzodiorite that contains prehnite and native 
copper occurs along the margin of the southern contact with rhyolite (unit ngp), where 
it is exposed in the Fall River.  This marginal hybrid, the product of contamination 
by melting of the adjacent rhyolite, is similar to unit mmh but is too small to show 
at the scale of this map.

  Monker Lake diabase—Informal name (Miller and others, 2001) for a long, narrow             
diabase dike that regionally is exposed only in scattered outcrops; however, in the 
area of this quadrangle the dike is well exposed along a sharp, semi-continuous 
ridge that is slightly oblique to the adjacent volcanic stratigraphy (Fig. 2).  On a 
regional scale, this dike produces a prominent linear magnetic anomaly that can be 
traced 31 miles (50 kilometers) from east to west.

 mld  Ophitic olivine diabase—Gray, medium-grained, sparsely porphyritic.  Based on 
aeromagnetic data, the dike is subvertical and approximately 750 feet (230 meters) 
wide.

  Miscellaneous diabase intrusions—Thin dikes and south-dipping sills that are inferred          
to be related to the Beaver Bay Complex on the basis of their composition and 
texture.

 od  Ophitic olivine-bearing diabase—Gray, medium-grained, olivine-bearing.  The unit 
shown beneath Devil Track Lake is extended west from the adjacent Grand Marais 
quadrangle, where it is exposed in an outcrop and noted in water well cuttings; 
this may extend northwestward to the small, 20-foot (6-meter) wide dike mapped 
in Junco Creek in T. 62 N., R. 1 W., sec. 21, SW¼, north of the west end of Devil 
Track Lake.  A similar dike exposed in outcrops near the northeast corner of this map 
continues east into the Grand Marais quadrangle (Boerboom and Green, 2010).

  Elbow Creek diabase—Informal name for an inclined dike that is approximately 500                
feet (150 meters) thick and dips 20° to 25° south–southwest.  This unit apparently 
pinches out to the west but may merge with unit lld to the northwest; however, 
no outcrops were located in the intervening area between the two and thus this is 
retained as a separate map unit.  No structural attributes were noted on outcrops in 
this map area, and the south dip is estimated from mapping to the east in the Grand 
Marais quadrangle (Boerboom and Green, 2010).

 ecd  Ophitic diabase—Gray, medium-grained, ophitic olivine diabase.  See Table 1 (sample 
DTB-165B) for chemical composition.

  Lichen Lake–Lake Clara diabase—This major diabase unit is well exposed and its extent 
is easily distinguished from the intervening volcanic rocks via lidar imagery.  The 
diabase can be traced to the southwest of this map area using lidar imagery (Fig. 
1) combined with locations of scattered outcrops that have been mapped on both 
published and unpublished field maps (for example Boerboom and others, 2007, 
2009).  Collectively, these data show that the prongs of diabase are continuous with 
diabase units to the west and south that have been informally termed the Lichen Lake 
and Lake Clara diabase dikes (Miller and others, 2001; Miller and Green, 2002).

Although the map indicates that this unit forms a series of interconnected dikes, 
it contains crudely-developed, steeply north-plunging columnar joints and a local 
weak, south and east-dipping, possibly cumulate plagioclase foliation as well as thick 
sheet joints that are perpendicular to the columnar joints.  Together these features 
imply that the bulk of this unit forms a southeast-dipping semi-concordant sill that 
dips more steeply than the surrounding volcanic strata.  Although aeromagnetic data 
are of limited use because the adjacent volcanic rocks are generally also magnetic, 
there is not a prominent anomaly that corresponds to the mapped extent of the 
diabase as might be expected if it were a vertical dike.

 llm  Ferromonzodiorite to granophyre—Pinkish-brown to gray, medium- to coarse-grained, 
variably prismatic quartz-oxide-pyroxene bearing; cut by minor, pink, aplitic felsic 
dikes.  The aplite contains glassy quartz phenocrysts, or more likely xenocrysts, 
that are likely derived from a melted rhyolite precursor, and this unit is interpreted 
to be a hybrid phase formed by contamination of diabase magma by a remobilized 
porphyritic rhyolite, such as unit nmq.  The margins of this unit grade into ophitic 
diabase.

 lld  Ophitic olivine diabase—Gray, medium-grained; ophites range from less than 1 to 6 
centimeters, but generally are 2 to 3 centimeters in size.  Locally exhibits a weak, 
possibly cumulate foliation at the base of north-facing cliff outcrops, and ophites 
there are commonly elliptical in shape, with long axes parallel to the plagioclase 
foliation.

  Leveaux ferrodiorite—The bulk of the Leveaux ferrodiorite occurs to the southwest of       
this map area, in the Deer Yard Lake (Fig. 1; Boerboom and Green, 2008) and 
Lutsen (Boerboom and others, 2007) quadrangles, where it forms a thick sill that 
is underplated by the Beaver River diabase.  On this map, the only occurrence is an 
isolated outcrop at the southwest corner of the map, where it apparently occurs as 
a xenolith within the Murphy Mountain diabase (unit mmd).

 lfp  Leveaux ferrodiorite—Gray to maroonish-gray, strongly porphyritic via tabular 
plagioclase phenocrysts that are generally approximately 2.5 centimeters, but locally 
up to 5 centimeters, in size.

  Dick Lake felsite and related hybrid phases—The main part of this hypabyssal                     
intrusive complex is a felsite (unit df) dike that crosses the volcanic stratigraphy, 
and in turn is intruded by the Lichen Lake–Lake Clara diabase (unit lld).  The 
felsite is bordered by fine-grained hybrid intrusions (units dfm, dfh), which are 
likely related to the main felsite dike.  Just west of this map the felsite transitions 
into a hybrid intrusion, where it contains a plethora of comagmatic gray, fine- to 
medium-grained, aphyric to sparsely porphyritic ferrodiorite enclaves that range 
from a few centimeters to a meter in size.  Overall this unit may be comparable to 
the Split Rock intrusion, mapped to the southwest in the Split Rock Point quadrangle 
(Boerboom and Green, 2004).  It may be related to the Eagle Mountain granophyre, 
which is located just north of this map, or it may represent a subvolcanic feeder dike 
equivalent to a rhyolite that occurs higher in the section, such as the Kimball Creek 
rhyolite (unit nkr).  Secondary epidote is common in these units, an indication of 
thermal metamorphism by later intrusions.

 df  Porphyritic felsite—Pinkish-brown, fine-grained.  Contains 1 to 2 percent orange-
altered, blocky-rectangular plagioclase phenocrysts that are generally 1 millimeter or 
less in length, and rare, small phenocrysts of magnetite and altered mafic minerals.  
The only sample examined petrographically contains glomerophenocrystic clots of 
plagioclase, fresh to altered augite, Fe-Ti oxides, and apatite in a very fine-grained 
quartzofeldspathic matrix that also contains some small, altered, prismatic mafic 
minerals such as pyroxene.  Unit has the chemical composition of rhyolite (Table 
1, sample DTB-060).

 dfm  Ferromonzonite to ferromonzodiorite—Brownish-gray, fine- to medium-grained, 
sparsely porphyritic, prismatic.  In the small cove at the southwest corner of Two 
Island Lake, this unit grades southward into unit dfh, via increasing proportions 
of volcanic quartz xenoliths and rare blocky xenoliths of flow-banded porphyritic 
rhyolite.  Phenocryst clots are composed of fresh plagioclase clustered with fresh 
subprismatic pyroxene, ilmenite, and apatite, in a fine-grained matrix composed of 
varied combinations of plagioclase, alkali feldspar, hornblende, Fe-Ti oxide minerals, 
quartz, and apatite.  See Table 1 (sample DTB-072A) for chemical composition.

 dfh  Ferromonzonite hybrid—Pinkish-brown to gray, fine-grained, variably porphyritic 
and/or xenocrystic with up to 2 percent small phenocrysts and/or xenocrysts of 
plagioclase and quartz, and few small, pale green, altered mafic phenocrysts.  Textures 
and mineralogy vary from what appears to be recrystallized porphyritic rhyolite to a 
fine-grained intermediate hybrid.  Quartz xenocrysts form clear glassy unit grains, 
but have a rounded-resorbed shape.  The more felsic phases in outcrops south of 
Dick Lake contain up to 2 percent secondary pyrite.  Inferred to be a marginal, 
variably remelted and remobilized quartz-feldspar-phyric rhyolite (likely unit nmq) 
that rims unit dfm.

  Miscellaneous hybrid intrusions

 fmz  Ferromonzodiorite to ferromonzonite—Pinkish-brown to gray, fine- to medium-
grained, porphyritic, quartz-bearing.  The linear unit shown northwest of Junco 
Lake contains phenocrysts of plagioclase clustered with blocky augite.  Trellises 
and radial-prismatic clusters of augite are present in the groundmass.  This unit is 
exposed in outcrops near Cook County Road 27 in T. 62 N., R. 1 W., sec. 10, NE ¼, 
and extrapolated southeast on the basis of a weak topographic feature that crosses 
adjacent volcanic stratigraphy.  The larger intrusion to the southeast contains clustered 
phenocrysts of plagioclase, fresh augite, oxides, and apatite.  The distribution of 
this unit is based on distinctive circular ridges visible on lidar images that truncate 
the adjacent east–west linear ridges formed by volcanic stratigraphy.

 fmd  Ferrodiorite to ferromonzodiorite—Gray, fine- to locally medium-grained, porphyritic 
and xenocrystic ferrodiorite to ferromonzodiorite dikes sharply chilled against units 
nmi and nmt, and presumably unit nmo.  Contains phenocrysts of plagioclase, augite, 
Fe-Ti oxides, and apatite, and rare rounded-resorbed unit quartz xenocrysts that are 
likely derived from a porphyritic rhyolite at depth.  Continues north of this map 
area.  See Table 1 (sample DTB-026A) for chemical composition.

MESOPROTEROZOIC KEWEENAWAN SUPERGROUP

  North Shore volCaNiC Group—The volcanic and associated interflow sedimentary                
rocks in this map area lie within the normally polarized, middle to upper part of the 
upper northeast sequence of the 4- to 6-mile (7- to 10-kilometer) thick North Shore 
Volcanic Group (Green, 2002).  In keeping with prior work (for example Boerboom 
and others, 2002a, b; Green, 2002; Boerboom and Green, 2010, 2011, 2013), the 
North Shore Volcanic Group is subdivided into informal lithostratigraphic packages 
that are separated from one another by major breaks in composition, intrusions, or 
faults, across which correlation is tenuous; or where thick flows or flow sequences 
form mappable units.  The informal lithostratigraphic packages shown on this map 
follow closely those identified by Green (2002) in the area of Grand Marais.  These 
include the Breakwater basalts, the Grand Marais felsites (including the Grand 
Marais rhyolite on this map), the Cascade River basalts, the Croftville lavas, the 
Devil Track sequence, the Red Cliff basalt, the Kimball Creek felsites (Boerboom 
and Green, 2010), and the Marr Island lavas.  Much of the terminology of the felsic 
lavas follows Fitz (1988) and Green and Fitz (1993).

Secondary minerals formed by hydrothermal alteration during burial  
metamorphism are abundant in these lavas, especially in the more permeable 
(fractured and amygdaloidal) upper zones of individual flows.  Most of the rocks 
in this quadrangle contain typical zeolite mineral assemblages along with chlorite, 
quartz, and calcite.  The amygdules in lavas exposed at the north part of the map, 
however, typically contain epidote, actinolite, and minor garnet.  This increase in 
metamorphic grade is most likely due to thermal metamorphism from proximal large 
felsic to mafic intrusive rocks located just north of this map area, possibly augmented 
by increased burial depth of the lavas within the volcanic pile.

Lidar imagery was used to locate outcrops and to infer the strike of volcanic 
stratigraphy (Figs. 1, 2).  In contrast to the irregular topographic landforms of the 
diabase dikes and sills, the volcanic units form prominent, curvilinear, approximately 
east–west ridges in the lidar data, as a reflection of the volcanic stratigraphy.  The 
tendency of the Marr Island lavas to form multiple thin flows contrasts with the 
thicker flows to the south that tend to form broad, smooth lidar anomalies of greater 
amplitude.  Despite the prominent linear topography that is clearly controlled 
by the volcanic stratigraphy of the Marr Island lavas, most of the area contains 
relatively few outcrops, and the bedrock is apparently mantled by a thin layer of 
glacial sediment.  In poorly exposed areas of the Marr Island lavas, outcrops occur 
in places along the tops of the ridges, and the intervening topographic lows are 
dominated by spruce swamps.  Access in that area is difficult, and attempts were 
made to conduct north–south traverses across the volcanic stratigraphy, from which 
the lateral extent of the flows was then inferred using lidar imagery.  In the southern 
two-thirds of the quadrangle, mafic to intermediate volcanic rock units are generally 
well exposed along the northern apex of the ridges; however, the felsic volcanic 
rocks are only rarely exposed despite the fact that they form prominent, wide, linear, 
topographically high belts.

  Upper Northeast Sequence

 nbb Breakwater basalt—Maroonish-brown to greenish-gray, porphyritic, amygdaloidal 
basalt.  Not exposed in this map area; see Boerboom and Green (2008) for a detailed 
description.

 ngp Grand Marais rhyolite—Maroonish-pink, fine-grained, massive to fragmental, strongly 
porphyritic rhyolite with abundant quartz and feldspar phenocrysts.  Part of the 
Grand Marais felsites; see Boerboom and Green (2008) for a detailed description.

 ncc Cascade River basalts—Brown to gray, fine-grained, variably ophitic.  No outcrops of 
this unit exist in this map area; extension into this map is extrapolated northeast 
from previous mapping (Boerboom and Green, 2008).

  Croftville lavas—An informal lithostratigraphic term (Green, 2002) given to a                                
series of intergranular to ophitic basalt, porphyritic basalt, and basaltic andesite to 
andesite flows, all of which typically contain abundant pigeonite.  The lavas are 
interbedded with sandstone units that are known from rare outcrops and scattered 
drilling, within this quadrangle, and to the east (Boerboom and Green, 2010) and 
the southwest (Boerboom and others, 2007; Boerboom and Green, 2008).  Based 
on preliminary geochemical analyses (Table 1), all the components of the Croftville 
lavas plot in the transitional basalt field of Green (1982).  Within that field, the flows 
that are part of unit ncb (samples DT-4, DTB-185, DTB-192A) plot close to olivine 
tholeiite composition, and those included in unit nca (samples DT-5, DTB-198) 
and ncp (samples DT-7, GM005) fall close to or within the andesite compositional 
field.

 ncb  Ophitic to intergranular pigeonitic basalt—Gray, fine-grained, weakly porphyritic.  
Typically contains prismatic to prismatic-ophitic pigeonite in addition to prismatic to 
ophitic augite, and locally contains sparse, centimeter-sized, fresh, glassy, greenish-
tinted plagioclase phenocrysts.

 ncs  Sandstone—Reddish-brown, fine-grained, lithic arkosic interflow units based on scant 
water well cuttings data or rare outcrops in adjacent quadrangles, and extended 
into this map on the basis of aeromagnetic and lidar topographic imagery.  These 
interflow sandstone units are likely more abundant than portrayed on the map.

 ncp  Pincushion Mountain trachybasalt—Gray to pinkish-gray, fine- to medium fine-grained, 
porphyritic, pigeonitic trachybasalt.  In the thinner, southernmost flow of this unit 
the phenocrysts are concentrated into the upper portions of flow where there are up 
to 10 percent 0.5- to 3-centimeter phenocrysts of fresh, glassy plagioclase; the lower 
portions of this flow contain only sparse phenocrysts.  The thicker, northernmost 
flow contains only scattered plagioclase phenocrysts that are also fresh and glassy, 
but generally only 1 centimeter or smaller in size.

 nca  Andesite to basaltic andesite—Gray, fine-grained, subprismatic, felty-intergranular, 
pigeonitic.  Locally exhibits weak oxidation-lamination and contains rare plagioclase 
phenocrysts.

 nco  Ophitic basalt—Gray, fine-grained ophites from 2 to 4 millimeters in diameter.  
Contains rare, fresh, glassy plagioclase phenocrysts.

  Devil Track sequence—Felsic volcanic rocks, composed of the lowermost Maple Hill          
rhyolite and the uppermost Devil Track rhyolite.  To the east (Boerboom and Green, 
2010) and southwest (Boerboom and others, 2007), unit includes a thin intervening 
flow of ophitic basalt, but that unit, informally termed the Woods Creek basalt, is 
not shown here due to lack of exposure.

 ndr  Devil Track rhyolite—Light pink, fine-grained, aphyric.  Poorly exposed in scattered, 
small outcrops near the crests of larger hills and low rubbly outcrops adjacent to 
Bally Creek; much better exposed in the Grand Marais quadrangle to the east, and 
is described in detail on that map (Boerboom and Green, 2010).  The chemical 
composition is listed in Table 1 (sample DTB-179).

 nhr  Maple Hill Rhyolite—Reddish-pink, fine-grained, porphyritic; contains phenocrysts of 
both quartz and feldspar.  Not exposed in this map area, but extended through this 
map based on outcrops located both east (Boerboom and Green, 2010) and southwest 
(Boerboom and others, 2007, 2009) of this map.  See Boerboom and Green (2010) 
for a detailed lithologic description of this unit where better exposed.

 nrb Red Cliff basalt—Maroonish-gray, fine-grained, sparsely porphyritic.   Poorly exposed in 
this map area; see Boerboom and Green (2010, 2011) for a more detailed description 
of this unit where better exposed.  The chemical composition is listed in Table 1 
(sample DTB-177).

  Kimball Creek felsites—An informal lithostratigraphic term for two relatively thick                
felsic volcanic units termed the Kimball Creek porphyritic rhyolite and the Kadunce 
icelandite, and a thin basal flow of porphyritic rhyolite (Table 1, samples DTB-
139D).  On this map a thin flow of ophitic basalt is also included in this sequence.  
The Kimball Creek rhyolite and Kadunce icelandite are difficult to differentiate, 
both macroscopically and via petrographic and geochemical means.  More detailed 
descriptions of the Kimball Creek felsites can be found in Fitz (1988), Green and 
Fitz (1993), and Boerboom and Green (2010, 2011).

 nkr  Kimball Creek porphyritic rhyolite—Maroonish-pink, fine-grained, porphyritic, locally 
finely spherulitic.  Phenocrysts are typically clustered and are composed mainly of 
plagioclase along with lesser proportions of alkali feldspar, altered mafic minerals 
(likely both olivine and pyroxene), magnetite, and minor apatite.  The best exposures 
in this map area are in Junco Creek north of the west end of Devil Track Lake.  To 
the east (Boerboom and Green, 2010), geochemical analyses (Table 1, samples DT-9, 
DT-24, DTB-206) of samples from Junco Creek show that this rhyolite is lower in 
SiO

2
 content than typical rhyolite, and when plotted on an AFM plot forms a nearly 

continuous series with samples of the Kadunce icelandite.

 nki  Kadunce icelandite—Pinkish-brown, fine-grained, with small phenocrysts of plagioclase, 
altered pyroxene and olivine, magnetite, and minor apatite.  For a more thorough 
description see Fitz (1988) and Boerboom and Green (2010, 2011).  See Table 1 
for chemical composition (samples DTB-036B, DTB-037, DTB-038A, DTB-114A, 
DTB-137).

 nko  Ophitic basalt—Brown to gray, fine-grained, variably amygdaloidal.  Enigmatic 
unit exposed only in Junco Creek that apparently forms a thin flow that overlies 
porphyritic rhyolite (unit nkq) and underlies icelandite (unit nki).

 nkq  Porphyritic rhyolite—Pink to red, fine-grained to aphanitic, with relatively abundant 
phenocrysts of quartz and feldspar and lesser magnetite and altered mafic minerals.  
Variably fragmental and flow-layered and commonly contains devitrified glass 
shards and fragments of collapsed pumice.  Overlies ophitic basalt (unit nmo), and in 
places is also apparently capped by a thin flow of ophitic basalt (unit nko).  This unit 
likely extends east to Lake Superior, where it also underlies the Kadunce icelandite 
(Fitz, 1998; Boerboom and Green, 2011).  The thin sliver adjacent to Junco Creek 
speculatively shown within a fault slice is based on an enigmatic outcrop of ophitic 
basalt capped by quartz- and feldspar-phyric, fragmental rhyolite that is interpreted 
to be fault gouge.

  Marr Island lavas—An informal term for a series of predominantly mafic to intermediate 
lava flows (Green, 2002) that is inferred to extend westward from the Marr Island 
through the Kadunce River and Grand Marais quadrangles into this map area and 
beyond to the west.  The lava flows in this map area are correlated with the Marr 
Island lavas on the basis of regional map patterns; however, in the type locality the 
Marr Island lavas are composed predominantly of mafic to intermediate-composition 
volcanic rocks, and some of the felsic units included here may actually be correlative 
with rocks that underlie the Marr Island lavas to the east, such as the Devil's Kettle 
Rhyolite (Boerboom and Green, 2013).

 nmo  Subophitic to ophitic olivine basalt—Gray, fine-grained basalt; locally contains 
sparse, small, plagioclase phenocrysts.  Includes all ophitic basalts within the Marr 

 Town-
Sample ship Range Section Unit SiO2 TiO2 Al2O3 fe2O3  fe2O3t  feo Mno Mgo Cao Na2O K2o P2O5 loI Total Cr Ni rb Ba Sr la Nb Y Zr

DT-4 61 1W 14 ncb 51.12 1.650 14.77  13.65  0.170 5.63 7.79 3.27 0.86 0.270 1.56 99.78         
DT-5 61 1W 14 nca 52.27 2.360 13.11  14.79  0.280 3.28 7.44 2.66 1.23 0.340 2.05 99.01         
DT-7 61 1W 8 ncp 52.02 2.170 14.15  14.69  0.170 4.40 7.29 2.92 1.03 0.300 1.48 99.77         
DT-9 62 1W 25 nkr 70.00 0.530 12.70  5.45  0.070 1.16 0.26 3.44 5.30 0.080 1.23 100.31         
DT-24 62 1W 36 nkr 69.10 0.550 12.30  6.65  0.130 0.24 0.25 2.44 6.41 0.080 * 98.15         
DTB-026A 62 1W 12 fmd 58.70 1.631 12.42 1.75 13.45 10.52 0.195 2.27 2.78 3.94 2.96 0.559 0.93 99.83  3 95 956 146 72 37 80 591
DTB-031 62 1W 11 nmt 56.70 2.281 13.24 1.66 12.73 9.96 0.162 3.28 4.20 4.10 2.65 0.390 1.08 100.81 13 27 80 806 432 34 16 38 282
DTB-036B 62 1W 14 nki 65.67 0.900 12.22 1.21 9.29 7.27 0.158 1.31 1.43 3.53 4.39 0.156 0.66 99.71 11 5 137 1143 133 79 49 94 797
DTB-037 62 1W 24 nki 60.71 1.619 12.60 1.45 11.15 8.72 0.132 2.31 2.07 3.22 4.55 0.515 1.21 100.09 2 4 143 963 92 65 33 70 519
DTB-038A 62 1W 22 nki 62.43 0.899 12.91 1.61 12.35 9.66 0.093 1.43 0.27 3.45 4.74 0.146 1.33 100.05 1 4 98 710 45 25 46 78 764
DTB-058 62 1W 8 nmo 49.42 0.970 16.02 1.34 10.25 8.02 0.163 8.24 8.32 3.61 0.71 0.101 2.47 100.27 304 160 12 162 352  4 16 64
DTB-060 62 1W 7 df 70.73 0.511 12.44 0.74 5.70 4.46 0.089 0.69 0.73 3.68 4.51 0.076 0.76 99.92 3 3 164 1056 80 72 46 85 749
DTB-072A 62 1W 7 dfm 58.38 1.879 12.25 1.67 12.78 10.00 0.188 1.92 3.61 3.55 3.10 0.573 1.12 99.35 1 5 95 957 96 59 33 69 506
DTB-078 62 1W 8 nma 51.86 1.755 13.92 1.69 12.98 10.16 0.198 6.18 6.74 3.04 1.26 0.197 2.05 100.18 111 80 45 404 295 19 16 41 225
DTB-084 62 1W 10 nmt 56.08 2.319 13.14 1.67 12.83 10.03 0.166 3.92 3.54 4.07 2.17 0.370 1.45 100.06 12 33 55 822 402 36 16 35 267
DTB-085 62 1W 10 nmy 53.35 2.391 12.77 1.88 14.41 11.28 0.220 4.38 4.03 3.00 2.71 0.414 2.00 99.67 8 36 76 1588 410 40 18 44 300
DTB-096A 62 1E 7 nmt 56.19 2.017 12.23 1.87 14.34 11.22 0.197 2.23 3.84 3.39 3.19 0.770 1.30 99.69  5 103 1148 257 67 33 73 531
DTB-106 62 1W 10 nmo 46.85 1.709 15.56 1.74 13.35 10.44 0.198 8.14 7.36 3.00 1.11 0.183 2.44 99.90 165 176 35 1200 438 9 8 23 110
DTB-111A 62 1W 14 nmo 50.03 2.408 13.64 1.98 15.15 11.85 0.193 5.60 8.59 2.85 0.43 0.276 1.04 100.21 76 102 7 377 313 20 12 32 177
DTB-114A 62 1W 13 nki 67.52 0.770 12.29 1.01 7.72 6.04 0.081 1.34 0.68 2.86 5.54 0.176 0.93 99.91 11 7 152 965 67 82 36 75 586
DTB-133 62 1W 7 nmq 77.47 0.277 10.30 0.39 3.01 2.36 0.025 0.18 0.10 1.38 6.62 0.017 0.45 99.83 6 12 129 1992 23 41 33 62 714
DTB-135C 62 1W 16 nma 55.00 2.061 13.72 1.55 11.91 9.32 0.125 4.29 3.01 3.90 3.33 0.362 1.90 99.61 24 34 119 1363 303 42 15 30 255
DTB-137 62 1W 21 nki 68.82 0.722 12.52 0.97 7.44 5.82 0.074 0.53 0.33 2.76 5.99 0.164 0.68 100.03 10 18 176 927 148 76 45 77 707
DTB-139D 62 1W 21 nkq 71.77 0.510 11.66 0.78 5.98 4.68 0.072 0.52 0.23 2.29 6.14 0.094 0.62 99.89 17 6 104 1435 82 32 36 54 789
DTB-165B 62 1E 19 ecd 48.84 1.997 16.82 1.64 12.61 9.87 0.167 5.15 10.76 2.94 0.52 0.237 0.29 100.33 191 82 13 272 303 11 11 29 147
DTB-177 62 1W 35 nrb 47.74 1.789 16.23 1.75 13.42 10.50 0.132 6.63 9.68 2.69 0.54 0.213 1.12 100.18 173 175 14 313 288 18 10 27 142
DTB-179 61 1W 2 ndr 74.27 0.365 11.26 0.48 3.71 2.90 0.061 0.56 0.15 1.13 7.27 0.042 1.20 100.02 1 3 134 1415 34 86 43 53 674
DTB-185 61 1W 15 ncb 51.02 1.554 15.50 1.64 12.59 9.85 0.148 6.54 8.09 2.96 0.95 0.225 0.59 100.17 110 121 23 481 287 25 11 29 178
DTB-190 61 1W 24 mmh 49.88 1.915 14.00 1.59 12.20 9.55 0.149 2.36 12.81 4.43 0.16 0.488 1.72 100.11 9 12 3 83 56 43 30 72 421
DTB-192A 61 1W 13 ncb 51.01 1.662 15.03 1.69 12.92 10.11 0.132 5.67 8.05 2.92 1.05 0.258 1.46 100.16 107 109 25 492 285 30 12 31 190
DTB-193A 61 1W 15 ncp 53.22 2.440 12.82 1.99 15.23 11.91 0.179 3.83 7.11 3.01 1.50 0.364 0.45 100.15 23 50 34 817 295 43 15 39 261
DTB-198 61 1W 11 nca 54.92 1.997 13.30 1.75 13.40 10.49 0.170 4.02 5.85 3.85 1.80 0.326 0.69 100.32 57 41 44 681 531 31 13 35 231
DTB-206 61 1W 21 nkr 67.74 0.707 12.75 0.99 7.60 5.95 0.111 0.96 0.51 3.71 4.61 0.152 0.84 99.69 1 4 142 857 104 88 44 83 678
DTB-219 62 1E 7 nmt 55.99 2.069 12.33 1.93 14.79 11.57 0.223 1.88 4.53 3.93 2.71 0.755 0.38 99.59  7 79 938 307 64 33 75 522
GM005 61 1E 7 ncp 52.69 2.249 13.93  14.26  0.196 4.74 7.32 2.94 1.12 0.328 1.21 101.09         
GM069B 62 1E 18 nmt 59.15 1.493 12.12  12.65  0.203 1.71 3.40 3.04 3.95 0.485 1.36 99.79

"DT" samples provided by John C. Green, University of Minnesota Duluth, Department of Geology.
"dTB" samples provided by Macalester College, St. Paul, Minnesota.
"GM" sample results provided by rick A. Knurr, University of Minnesota departement of Geology and Geophysics, Analytical Geochemistry lab, using a Thermo Scientific iCAP 6500 dual view ICP-oeS (Inductively Coupled Plasma-optical emission Spectrometer).

* Below detection limit.

Table 1.  Geochemical analyses of samples from the Devil Track Lake quadrangle. 
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Island lavas that appear to represent resurgent episodes of mafic volcanism.  The 
southernmost unit adjacent to unit nkq is largely subophitic, whereas areas to the 
north typically contain ophites up to 3 millimeters in diameter.  Analyzed samples 
are of olivine tholeiite composition (Table 1, samples DTB-058, DTB-106, DTB-
111A).

 nma   Andesite to basaltic andesite—Gray, fine-grained, commonly weakly porphyritic.  
Local small outcrops are amygdaloidal and rarely fragmental, with sand infilling 
flow-top breccia fragments.  Chemical composition of representative samples are 
listed in Table 1 (samples DTB-078, DTB-135C).

 nms   Coarsely porphyritic andesite—Gray, fine-grained, with up to 2 percent 1- to 4-centimeter 
blocky plagioclase phenocrysts.

 nmq  Porphyritic rhyolite—Pink, fine-grained, with phenocrysts predominantly of quartz, 
plagioclase, alkali feldspar, and fewer magnetite, augite, and other altered mafic 
minerals, apatite, and rare zircon.  This unit is exposed along the north and south 
shoreline of Dick Lake, but it is generally recessively weathered and the bulk of it 
apparently lies underneath the lake.  Another thin unit to the south, at the western 
border of this map, is fragmental and contains flattened pumice clasts.  Chemical 
composition is listed in Table 1 (sample DTB-133).

 nmp  Porphyritic ophitic to subophitic basalt—Gray, fine-grained, variably porphyritic.  The 
northern units at and near the west end of Two Island Lake contain 1 to 10 percent 
plagioclase phenocrysts up to 1.5 millimeters in length; the unit to the south, which 
crosses Junco Creek (T. 62 N., R. 1 W., sec. 16, SE ¼), contains up to 50 percent 
plagioclase phenocrysts that are as large as 4 centimeters.

 nmy  Basaltic trachyandesite—Gray, fine-grained, up to 1.5 percent small plagioclase 
phenocrysts and local phenocrysts of fresh augite.  Chemical composition (Table 1, 
sample DTB-085) of a single sample plots within the basaltic trachyandesite field 
of LeBas (1986) and in the andesite to transitional basalt field of Green (1982).

 nmt  Trachyandesite—Gray, fine- to locally medium-grained, variably porphyritic.  Whole-
rock analyses (Table 1, samples DTB-031, DTB-084, DTB-096A, DTB-219, GM069B) 
plot in the andesite field of Green (1982) and within the trachyandesite field of 
LeBas and others (1986).

 nmi  Icelandite—Maroonish-gray to brown, fine-grained; porphyritic; contains up to 8 
percent 2- to 5-millimeter plagioclase and fewer magnetite and altered mafic mineral 
phenocrysts.  Intruded by unit fmd.
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Figure 2.  Lidar (1-meter) elevation data 
for the Devil Track Lake quadrangle and 
surroundings.  Contacts and faults are 
shown as black lines and correspond to the 
geologic map; mapped outcrops are shown 
in magenta.

MAP SYMBOLS

 Geologic contact—Degree of accuracy dependent upon outcrop control.

 Fault.

 Strike and dip of inclined volcanic flow layering and bedding in sedimentary rocks—Angle in 
degrees from horizontal; includes flow parting and oxidation lamination in volcanic rocks.

 Strike and dip of flow-parallel joints—Angle in degrees from horizontal; approximates the attitude 
of flow layering.

 Strike and dip of intrusion-parallel joints—Angle in degrees from horizontal; approximates the 
attitude of sills and dikes.

 Strike and dip of magmatic igneous foliation—Angle in degrees from horizontal; approximates the 
attitude of orientation of sill-like intrusive rocks.

 Trend and plunge of columnar jointing—Angle in degrees from horizontal; only in unit lld.

 Glacial striation—Arrow indicates inferred direction of ice movement.

 Location of geochemical sample listed in Table 1.

 Location of water well with driller's log.

 Location of water well with downhole geophysical gamma log.

 Location of water well with cuttings.

 Bedrock outcrop.
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Figure 1.  Regional 1-meter lidar elevation data showing the distribution of major diabase dikes and sills and 
the Leveaux ferrodiorite.   The Lichen Lake–Lake Clara diabase in the Devil Track Lake quadrangle extends 
west and south into the Tait Lake and Lutsen quadrangles.  The names of quadrangles mapped as previous 
U.S. Geological Survey STATEMAP projects are shown in bold.
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