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Introduction 

The Duluth Complex has been extensively studied by specialists 

interested in large anorthositic igneous bodies. This interest 

has been further enhanced by the presence of large copper-nickel 

resources near the base of the Complex. Most of the interest 

in the Duluth Complex has been confined to the petrogenesis and 

mineralization of the anorthositic and troctolitic rocks, but a 

complete knowledge of the structural and stratigraphic relations 

is necessary before the full geological history of the area can 

be understood. The purpose of this report is to present structural 

data obtained in that part of the Complex exposed in the Gabbro 

Lake quadrangle and the northern part of the Greenwood Lake 

Quadrangle of Minnesota. 

Structural data was collected in an area of approximately 

100 square miles in the southern part of the Gabbro Lake quad-

rangle and the northern part of the Greenwood Lake quadrangle during 

the summer of 1974. Structural data consisted of orientations 

of joints and joint spacing or frequency. Modal layering and/or 

plagioclase layering was measured only where it could be positively 

identified and was unambiguous. Thus, only a small amount of data 

on the layering was obtained and it will not be presented. Only 

the orientations of the joints measured and the joint spacing or 

frequency will be dealt with in this report. A photographic 
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and topographic lineament map was made of the area near Babbitt, 

Minnesota to determine the relationship of the observed joint 

patterns to the photographic and topographic lineaments. 

Joint Data and Rose Diagrams 

About 550 readings on joint attiotudes were collected in a 

100 square mile area during this investigation. Joints in the 

five major lithic units (AGU, SPT, SAT, ST, and AGO) recognized 

in the SW 1/4 of the Gabbro Lake quadrangle, and NW 1/4 of the 

Greenwood Lake quadrangle were plotted in a series of rose diagrams 

(Fig. 1 to 13). Three of the major map units (AGU, SPT, and SAT) 

were subdivided in 8 structural cells (Fig. 6 to 13). Each cell 

is outlined on Plate 1. Two rose diagrams are used to illustrate 

the joint data in each of the lithic and/or structural cells. 

One diagram shows the percentage distribution of joints recurring 

in 10-degree intervals; the second diagram shows the same data 

plotted in 30-degree intervals. 

Joints in lithic unit AGU (Fig. la) exhibit broad but well

defined maxima at N30 0 to 60 0 W and N30° to 60 oE. Figure Ib 

contains two maxima at N30° to 60 0 W and NIO° to SooE, and a 

poorly-defined joint set trending N70° to 90 oW, may also be present 

in this lithic unit. The northeast trending maxima may consist of 

two somewhat overlapping joint populations. One trends N40° 

to SooE and the other trends NIO° to 30 oE. Similarly, the north

west trending maxima may be divided into a major joint direction 

at N40 0 to SOOW, and a lesser direction trending NIO° to 20 oW. 

Joint directions in lithic unit SPT are shown in Figure 2a. 

Although there is a considerable amount of scatter, two pr0minent 
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directions trending N60° to 90 0W and N- N 30 0E may be recognized. 

A considerable number of north-northwest joints and northeast 

trending joints are also present. Figure 2b shows two distinct 

northeast rending joint sets. One is centered at N40° to SooE 

and the other at N80 0 to 90 oE. Observable joint directions in 

lithic unit SAT are summarized in Figure 3a and 3b. Although the 

general joint distribution in this unit is similar to that in lithic 

unit SPT, three joint sets, trending N10° to 40 oE, N1 0° to SOOW, 

and N70° to 80 0W may be recognized. However, the N80 0 to 90 0E 

trending direction does not appear to be well developed. Joint 

data from lithic unit ST are plotted in Figure 4a and 4b. The 

pattern is quite similar to that of SAT, in that three directions, 

N80° to 90 oW, N30° to SooW and N10 0 to 20 0E may be recognized. 

Only 27 readings of joint attitudes were made in lithic unit AGO 

(Fig. S), but the data shows two prevalent joint directions trending 

N10q to 20 0W and N40 0 to SooW. 

The three major map units (AGU, SPT, and SAT) in the Gabbro 

Lake quad rangle were each subdivided into a number of cells to 

determine if various joint sets recognized above vary with geo

graphic position. Lithic unit AGU was divided into three cells 

designated AGU-South, AGU-North, and AGU-GL (Figs. 6 to 8). The 

sub-area AGU-South (Fig. 6) is characterized by two prominent 

joint sets trending NO° to 30 oE, NS O° to 60 oW. Less well-defined 

joint directions trend N40° to 60 oE, N60° to 80 oW, and N80 0 to 90 0E 

(Figs. 6a and 6b). The sub-area AGU-North differs slightly in 

that the major joint sets trend N10° to SooE and N30 0 to SO oW; 

secondary joint directions trend N1 0° to 20 0 W and N70 0 to 900W 

(Figs. 7a and 7b). Only 23 joint attitudes were measured in 
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sub-area AGU-GL (Figs . 8a a nd 8b ), a small area near Little 

Gabbro Lake and the Giants Range b atholith. The data at present 

indicate that four joint direction s p redominate: N60° to 700W, 

N4 00 to Soo W, N20 ° t o 30 0W, a nd N300 to 40E . The area of lithic 

unit SPT was subdivided int o thr ee c e l ls ; Southwest SPT (SPT-SW~, 

Southeast SPT (SPT-SE ), and North SPT (SPT-N). Figure 9a and 9b 

summarizes data colle cted in SPT-SW. Major joint directions 

vary from N2 00W to N300 E a nd a N40° to Soo E is also present. 

A NS Oo to 60 0W j o int s et is prese nt, but is not as pronounced as the 

directions noted above . Th e joint direction ,in sub-area SPT-SE 

(Fig . l Oa and l Ob ) is markedly d i f fere nt from that of SPT-SW: major 

joint directions trend N60° to 90 0W and N10° to 200E . Secondary 

joint directions inc l ude s e ts trending N40° to SOO W, N200W to 

N1 00E and N2 0 ° t o Soo E . Only 26 readings of joint attitudes were 

made in the outcrop area o f SPT-North (Fig. lla and llb). Pre

dominent joint direction s t ren d N10° to 20 0W and N80° to 90 0E; 

whereas subsidiary j oint dire c t ions trend N60° to 700W and NSOo 

to 60 o E. 

The outcrop area o f lithic un i t SAT was subd ivided into 

two cells of approximate l y equal size,de signated SAT-West and 

SAT-East. Only 27 j oint a t t itude s were measured in the area 

of SAT-West (Fig. l2a and l 2b ). Two major joint sets trending 

N70° to 80 0W and N1 0° to 20 0E are pres ent. In contrast, three 

major joint sets may be recogn i zed i n t he s ub-are a SAT-East 

(Fig. l3a and l3b) ; N7 0 ° to 800W, N1 0° t o SOo W and N 20° to 400W . 
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PHOTOGRAPHIC AND TOPOGRAPHIC LINEAMENT MAP 

A geomorphic mapping project was completed on a portion of 

the Duluth Complex near Babbitt, Minnesota to help solve geologic 

problems and outline future areas of research. The mapping of 

surface lineaments was done on 1:24,000 air photographs which were 

reduced to a scale of 1:48,000 for the final maps. 

Surface lineaments have only recently been recognized as a 

valuable aid in deciphering the tectonic and structural history 

of an area. The lineaments shown on the map represent surface 

linear features. They may represent stream courses or topographic 

alignments. The subsurface cause of the lineaments is not known, 

but is believed to be the result of faults and geologic contacts 

between rocks of slightly different lithologic character that may 

have been enhanced by glacial activity. The evidence suggests 

that the lineaments may be indicative of faulting activity in the 

Duluth Complex. The correspondence of a surface lineament with the 

geologic contact of lithic units ST and AGU between Gabbro Lake 

and Omaday Lake in the Gabbro Lake quadrangle illustrates the 

possible use of surface lineaments as an aid to geologic mapping 

(Plate 7). Another example of the coincidence of surface lineaments 

and geology is in the southern part of the Bald Eagle intrusion, 

where a concentric lineament pattern "corresponds" closely to the 

known structure of the Bald Eagle intrusion. A detailed study of 

surface lineament patterns in the Duluth Complex may prove to be 

an invaluable aid in solving geologic problems and the structural 

history of the Complex. More lineament maps need to be completed 
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in areas where the geology i s known before the method can be 

extended to unmapped areas , b ut the initial work done in the 

Babbitt area shoul d provi de t h e impe tus for further work. The 

possibility that the faul t ing, of wh ich the surface lineaments may 

be an expression , co ntro l l e d mine ralization of the b ase of the 

Complex should be one o f the beneficial aspects of further mapping 

of lineament trends. 

The so l id lines on the line ament map represent prominent line

ations easi l y identi f iable on the air : photos. The dashed lines 

represent inferred extensions of lineaments where two prominent 

linear features a r e consider ed to be coincidental. Almost all of 

the prominent linear feature s tre nd in a north to northeast direction. 

Most of the secondary line aments are parallel or subparallel to the 

prominent l ineame nts , a lthough some are at large angles to major 

lineaments. Some o f t he ma jor and secondary lineaments may 

represent the topographi c expression of faults and/or geological 

contacts as no ted a bove. 
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Joint Spacing and/or Frequency 

Joint spacing or joint frequency was determined by measuring 

the perpendicular distance between two joints trending parallel 

to each other. A joint set consists of a number of joints trending 

parallel to each other. Several parallel joints must be present 

before a joint set and the joint spacing or frequency can be 

determined. Several diagrams were constructed across the trend 

of the topographic lineaments to see if joint frequency can be 

determined. Several diagrams were constructed acros s the trend 

of the topographic lineaments to see if joint frequency changed 

as the distance from a lineament increased. The location of the 

diagrams can be found on the accompanying map (Plate 1). 

Section A-A' (Fig. 14) shows a decrease in joint spacing in 

the vicinity of the area marked X on the section. This corresponds 

to a topographic and photographic lineament that passes through 

this area. Section B-B' (Fig. 15) contains s everal areas where 

joint spacing decreases. In all of these areas topographic 

and photographic lineaments are present. In areas where the joint 

spacing is larger, there is an absence of lineaments. Section 

C-C' (Fig. 16) shows a smaller joint spacing on the right side of 

the diagram and corresponds to a topographic and photographic 

lineament. Section D-D' (Fig. 17) again shows that joint spacing 

decreases in the vicinity of topographic lineaments. Section 

E-E' (Fig. 18) shows a decrease in joint spacing in the area of 

point Y. This is on strike with the topographic lineament that is 

present in Section D-D', although the lineament is not well e x

pressed topographically at this locality. Section F-F' (Fig. 19) 
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fairly constant alon g i ts l e ngth . In general, the diagrams show 

that near the lineaments, j o i n t spacing is closer than joint 

spacing farther away from t he lineaments. 

The above data s u gge s ts that the topographic lineaments, 

in part at least , may be t h e surficial e xpression of faulting in 

the Comp l ex and that join t spacing is d irectly compatible with 

the lineaments . Joint spacing might possibly be used to recognize 

the presence o f f aults i n places where topographic lineaments 

are not observed, as note d above. Generally, the trend of the 

joint sets a long t he line ame nts varies from being parallel tofue 

lineaments t o bein g at some angle to them. While the lineaments 

trend north t o northe ast the joint sets occassionally trend in 

a northwester l y d i rection. This observation may be useful in 

understanding the s tructur al and tectonic history of the area. 

Also this type of d a ta ma y he lp to resolve the stresses present 

at the time of the faulting a nd may relate to the mineralization 

of the basa l p ortion o f the Duluth Complex . 



Figure Captions 

Text Plate 1 -- Index to structural cells in the Gabbro Lake 
Quadrangle. 

Figure 1 -- Rose diagrams summarizing joint orientations in 
unit AGU. a, 30° intervals; b, 10° intervals. 

Figure 2 -- Rose diagrams summarizing joint orientations in 
unit SPT. a, 30° intervals; b, 10° intervals. 

Figure 3 -- Rose diagrams summarizing joint orientations in 
unit SAT. a, 30° intervals; b, 10° intervals. 

Figure 4 -- Rose diagrams summarizing joint orientations in 
unit ST. a, 30° intervals; b, 10° intervals. 

Figure 5 -- Rose diagrams summarizing joint orientations in 
unit AGO. a, 30° intervals; b, 10° intervals. 

Figure 6 -- Rose diagrams summarizing joint orientations in 
sub cell "south AGU" of unit AGU. a, 30° intervals; b, 10° 
intervals. 

Figure 7 -- Rose diagrams summarizing joint orientations in 
sub cell "north AGU" of unit AGU. a, 30° intervals, b, 10° 
intervals. 

Figure 8 -- Rose diagrams summarizing joint orientations in sub 
cell "GL-AGU" of unit AGU. a, 30° intervals; b, 10° intervals. 

Figure 9 -- Rose diagrams summarizing joint orientations in 
sub cell "sw SPT" of unit SPT. a, 30° intervals; b, 10° 
intervals. 

Figure 10 -- Rose diagrams summarizing joint orientations in 
sub cell "SE SPT" of unit SPT. a, 30 9 intervals; b, 10° 
intervals. 

Figure 11 -- Rose diagrams summarizing joint orientaions in 
sub cell "north SPT" of unit SPT. a, 30° intervals; b, 10° 
intervals. 

Figure 12 -- Rose diagrams summarizing joint orientations in 
sub cell "we-st SAT" of unit SAT. a, 30° intervals, b, 10° 
intervals. 

Figure 13 -- Rose diagrams summarizing joint orientations in 
sub cell "east SAT" of unit SAT. a, 30° intervals; b, 10° 
intervals. 



Figure 14 -- Joint spacing along cross section A-A'. See Text 
Plate 1 for location and text for discussion. 

Figure 15 -- Joint spacing along cross section B-B'. See Text 
Plate 1 for location and text for discussion. 

Figure 16 -- Joint spacing along cross section C-C'. See Text 
Plate 1 for location and text for discussion. 

Figure 17 -- Joint spacing along cross section D-D'. See Text 
Plate 1 for location and text for discussion. 

Figure 18 -- Joint spacing along cross section E-E'. See Text 
Plate 1 for location and text for discussion. 

Figure 19 -- Joint spacing along cross section E-E'. See Text 
Plate 1 for location and text for discussion. 
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