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ABSTRACT:

This is a thesis detailing the fracture systems at Quarry Park and Nature Preserve, Waite
Park, Minnesota. This paper will begin to answer the main question by looking at the
trends in the orientation of the liner fractures around Quarry 9. The questions that will be
answered are if there are any similarities in the trends and how does the data collected at
Quarry 9 compare to previous data gathered at the park. These smaller questions will help
answer the big question after some more study has been completed. This stady was done
by visual observations of jointing and crosscutting relationships. A Brunton compass was
used to measure tends and of fractures and joints. The data was then compiled in a table
and displayed on rose diagrams. With the original data (field observations), crosscutting
relationships could be determined. After the data was colleted and analyzed it was then
compared to the data collected and derived from other works. The data was viewed in a
few different ways; the first sort was to identify patterns in joint orientation that are

mapped on a rose diagram, see Diagram 1.
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INTRODUCTION:

How do small-scale fractures relate to large-scale joint system fractures? Based
on the characteristics of fractures in crystalline bedrock determined by surface surveys
connections can be made between the published large-scale fractures and the data
gathered on the small-scale fractures around Quarry Nine in Quarry Park and Nature
Preserve, Waite Park, Minnesota. This data can also be compared to the large-scale
faults. This paper will begin to answer the main question by looking at the trends in the
fractures around Quarry 9. The questions that will be answered are if there are any
similarities in the trends and how does this data collected at Quarry 9 compare to
previous data gathered at the park. These smaller questions will help answer the big
question after some more study has been completed. This thesis details the fracture
systems at Quarry 9 in Quarry Park and Nature Preserve, Waite Park, Minnesota.

The bedrock lithology is of the early Proterozoic Penokean Orogeny and includes
the gray Reformatory Granite and red St. Cloud Granite, which 1s part of the red Stearns
Granite Complex along with Rockville Granite. “The Reformatory Granite is medium-
grained, porphyritic, contains numerous schist inclusions and is vaguely foliated. Tt has a
large amount of sodic plagioclase, biotite, and hornblende, but smaller amounts of
potassium feldspar than the red St. Cloud Granite. The St. Cloud Granite is medium-
grained, locally porphyritic, has few inclusions, and is massive. The formal type area for
this map unit is located in Quarry Park” (Shurr & Anderson, 1995). “Quarry Park and
the surrounding area are located within the convergent margin near the contact zone of
the Reformatory Granite and the St. Cloud Granite. It is significant that faults, which are

the logical consequences of this interpretation of a convergent margin, have not been
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recognized until recently” (Shurr & Anderson, 1995). See appendix A for age
determination and composition.

This study was done by visual observations of jointing and crosscutting
relationships. A Brunton compass was used to fractures trends and joints. The data was
then compiled in a table and displayed on rose diagrams. With the original data (field
observations), crosscutting relationships could be determined. After the data was colleted

and analyzed it was then compared to the data collected and derived from other works.

Location -
f"Tw e Quarry Park is a part of the Stearns County
{ o Parks system. It is located in section 19, T.124
O N., R29 W, To drive there take State Highway
J “ T
Eamian Sars s 23 t0 10” Avenue South in Waite Park. Then

turn west or right onto 7% Street, which

becomes County Road 137. The park entrance

is seven tenths of a mile on the right side of the

Division Strect

road. The park contains some of the

best examples of granite outcrops in

the area,

22nd T
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Regional Context -

Quarry Park is currently over 550 acres and includes woodlands, open prairie,
wetlands, and bedrock outcrops. There are remnants of man-made grout piles left over
from the e@ensive granite mining that took place starting in 1868. There are over
twenty-five granite quarries in the park most of which are now filled with water. The

park has been maintained in order to sustain its natural and historical value (Stearns

County Parks, 2002).

The parent rock of this
area is gray Reformatory
granodiorite; it was used to
construct the St. Cloud
Reformatory, gray Reformatory
Gramite is centrally located in the
park. Appendix B shows the
bedrock geology around Quarry
Park as mapped by Shurr &
Anderson, 1995, The other
major rock type in the area is red
St Cloud Granite; many landmarks in St. Paul and all over the state of Minnesota have
used this red granite in their construction. “The St. Cloud Granite is shown with a
distinctive wishbone shape. It is elongated in a north-south direction and the two legs of
the wishbone come into the western and eastern part of Quarry Park. The park therefore

shows an overall variation from west to east of red granite-gray granite-red granite and
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this pattern is the result of the distinctive shape. The west leg of the wishbone is
elongated northeast southwest in association with a number of faults” (Shurr &
Anderson, 1995). There are two varieties within the red St. Cloud Granite, both contacts
trend in an east-northeast direction. Shurr & Anderson stated that no crosscutting
relationships have been observed or published. The unit in the west side of the park has
more potassium feldspar and less quartz than its eastern counterpart (Shurr & Anderson,
1995). There are also some inclusions of gray granite within the St. Cloud Granite. The
Reformatory Granite contains dikes of porphyritic diorite and a large basalt dike that is
2.5 feet thick and visible for ten feet on the west side of Quarry nine trending northeast.
Smaller dikes of aplite, red granite, basalt, and dark metamorphic rocks are also
contained within the gray Reformatory Granite. All igneous rocks were formed during
the Precambrian (Morey, G. B., 1972). Appendix A shows the age and composition or
these units. The red St. Cloud granite appears more resistant because is shows less wear
than the Reformatory gray granite. Appendix B shows the bedrock geology around
Quarry Park. The glaciers came through the region leaving till and polishing the outcrops
in Quarry Park are from the Des Moines lobe and the St. Croix sub-lobe of the Superior

Lobe (Shurr & Anderson, 1995).

Focus-

The focus of this thesis will be on Quarry Nine on the south end of Quarry Park
and Nature Preserve. See appendix D for a map of the park. Quarry 9 is in the south
part of the park and has one of the best-exposed faults in the park, containing minimum

modifications by the park system. See picture above. This fault is located on the west
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wall, the lower half of the wall
is composed of red granite but
the wall is dominated by gray
granite. It is a medium sized
quarry in relationship to the

other quarries within the park.

It has a maximum depth of
about 45 feet. The quarry has a
good outerop on the northwest side that exposes a large basalt dike along with a number
of small aplite dikes. There are a number of smaller faults or shear zones, which will be
incorporated in this report to create a more detailed history of the larger faults in the park.
The display of glacial polish and some glacial overburden is also present around Quarry

Nine (Stearns County Parks, 2002).

Minor Fractures —

Minor fracture nomenclature and age-relationship can be determined by use of
criteria, including the presence or absence of infilling material or staining, interaction of
fractures of different sets, morphology of fractures, aspect ratio of fractures, and fracture
separation and bed thickness. The first criterion, presence or absence of infilling material
or staining, can be very hard to identify out in the field because of weathering properties,
therefore it will not be the focus of this research. The second criterion, interaction of
fractures of different sets will determine the age relationship of the fractures. “The

fonger more dominant fractures in any set tend to be the oldest ones belonging to that set
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and the progressively shorter ones then also to be progressively younger representatives
of the set” (Price and Cosgrove 1990). As for the morphology of fractures because all of
the rock studied are igneous rocks, granite and basalt, the fractures appear brittle and
none appear to have semi-ductile faulting. Aspect ratio, the fourth criterion, is also hard
because almost all the fractures appear to be joints with no visible offset in the field.

There are however, are a few

fractures that offset a visible amount

and this will be taken into

consideration. The final criterion is

fracture separation and bed thickness

(Price & Cosgrove, 1990). This was

used in the quarry processes to determine the maximum size of block that could be
obtained. The areas that have less economical value were left behind. Since the research
is at a quarry and most, if not all of the choice blocks have been removed that leaves the
out crop with the less desirable fracture separation and bed thickness, but enough remains
that some information can be used for this criteria. By applying these criteria the relative
age of fractures can be determined even if some of the criteria do not reveal much insight

to the jointing relationships within Quarry Nine.
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MAIN BODY:
Research -

First, in the field, measurements of the surface fractures trends with a Brunton
compass, marking the larger features on a map. See map 1 {°or sketch. The trends of the
joint measurements were taken as bearings then converted to Azimuth. The data is then
complied in a table, Original Data, which includes all the observations made, see Table 1
- Original Data. One of the first observations made are the fracture trends. The second
observations made are crosscutting relationships this was defermined when a joint
crossed a preexisting joint or has any visible off set. The letter A represents the oldest
joint while letter C would be the youngest joint in Table 1.  If there was a picture taken
associated with the joints it was given a number in Table 1 (Original Data) and is
included in the appendix. Next was offset, there were only two fractures with apparent
visible offset. The fracture trending N30E had an offset of eighteen inches. See pictures
7 & 8 Appendix F. The other case are two fractures trending N10W, these were offset
only three inches. See picture 9 Appendix F. The offset was determined when a joint
was shifted because of another fracture cutting across it and moving the rock in opposite
directions. The last thing listed in Table 1 was any comments made about the joint or

fracture; this includes compositions other than gray Reformatory Granite.

Results -
The data was compiled and analysis using the criteria stated previously in the section
entitled Minor Fractures. The data was viewed in a few different ways; the first sort was

to identify patterns in joint orientation that are mapped on a rose diagram, see Diagram |
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page 28. To comparing this data more easily it is also displayed as a line graph in
Diagram 2 page 29. Compare this to previous research by Shurr & Anderson with
frequency in the focus areas throughout the park (Appendix E), I find that they don’t line
up with the highs, but there are some similarities in on either side of the high frequency.
For example the first major peak is around twenty-five to thirty-five degrees east of
north. Then the major peak on both is between seventy and one hundred degrees east of
north. Then the final major peak is between 140 and 180 degrees east of north.

The next sort was to identify relative age of fractures from older to younger to
find similarities. The first example set of crosscutting relationships shows the fracture
N30E 1s the oldest because the next fractures younger, S70E and N50W, stop when
coming in contact with this fracture. This is also the case when the youngest fractures,
S60E and S10E, came in contact with the previous fractures. See pictures 7 and 8

appendix F. Picture nine shows that N10W is older than N80W and picture ten has

N20W older than N10E. Picture eleven has N5E older than N20E but it is younger than
NOYOE. In the basalt dike N8OW is older that NI10E, the picture is number 14. On the

southwest side of Quarry Nine, Picture 22 shows the outcrop where S30E is older than

S30W.

i
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CONCLUSION:

In conclusion different comparisons can be made of the results from the fracture
observations made at Quarry Nine in Quarry Park and Nature Preserve. Basic
observations can be made about the lack of similar patterns in the aplite dikes. They were
of different scales and placed unevenly around Quarry Nine with no apparent pattern.
The joints trend evenly in all directions, with the exception at about 90 degrees, which
exceeds all other directions. This is seen with the rose diagram. General conclusions can
be made with the crosscutting relationships to determine age relations as description in
the results section of this report and is also in Table 1. Most fracture sets are separated
by about 60 degrees. Very little conclusions can be made about the offset because of the
lack of visible offset. Further research needs to be done detailing the vertical fractures at
Quarry Nine. Another suggestion for further research is to analyze the effects on the

fracture system caused by quarrying at Quarry Park and Nature Preserve.
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Appendix A

Tuble V.3 Smmmary of 8-Ar age delermingtions of Middle Precambringn rocks.

7/1/2003

Nap
Nu,
Sampie {fig. K A
No. d Crescription {pely Tppm )
[AY Thomsen Formaion
35 wrt Q Slate. Thomson 3.00
38 wr b Phyviite. Atkinson 1.03
39 mu c Phyiiite. Barnum .28
4} mu d Phyliite. Moose Lake 399
96 wr ¥ Phyltite. Litile Fulis 190
232 wr Slate, Dututh 3.53
233 wr Slute. Duluth 334
(B) Rave Fornation
131 wr Argillite. Gunfhnt Trail +.06 0410
[Cy Virpinia Formation
137 wr Argillite, Virginia 340 0.539
12 wr Argiliite, West Mesabi 3.33 5,396
(I3 Mahnenen Formation. Cruyena disirice
33w o Argillige £LG0 1.878
P32 wr m Phyilite 4.08 L6598
134 wr k Argillite 3.84 0.677
215 wr n Argitlie 336 {rodd
S08 { WG-100) Argiblite 4,64 {800
10 100-110) Argillite 311 0,548
G101 180-200) Argiltite 128 1.680
(B AeGrard Grefss
41 hi o West of Denhiam T 1,38
43 bi f SW. of Denhum f.20 g
1o bl i MeCirath H.82 1.36
63 bl o Piiny {Dad's Corner) T.38 1.21
(P Internnediate granitic and refated rocks
1 bi i Chiarlz monzonite, Warman 06.9] 1.
62 bi i Quurtz monzonite. Isie 6.07 118
64 bi r Tonalite, Hillman 6,44 135
60 bi P Gneiss. Freedhem 647 1.2
39 bi bl Schist. Freedhemn 6,18 i
61 bi q Chuartz monzonite, Piery 6.96 e
10 bi X Granodiorite. St. Cloud 5.04 106
1GY Granites
i hi u Porphyritic gramite, Rockville 623 L6
RE-21 ho t do. 0,893 0.191
58 b 5 Red Granite, St Clowd 5.46 Loz

Age!

fmsl)

1630
1630
1650
1614
1550
12240
{170

Hied

1470
F180

1670
1630
1710
1300

1760
1630
PI70
TG
1630
LEA0
1770

1040
PAO0
1640

L8
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Table V-3 —Continued
e RN
Mup
No.
Sumple ({1g. A
N IV-203 Description o)
VEDY Busaliie dikes
ME300 wr Bosaltic dike. Si. Cloud 0.776 109 £250
Q770 i
ME wr Basaltic dike. St Cloud 200 01,3419 1 46{03
Pue
DMEIN2 wr Busuliie dike. Rockvilie 0,548 00082 1550t
GO9RA
NN-TS wr Busultie dike, St Louis River [A25 0,102 HiA
1.071

* Rudfogenic Ar
' Al ages from Goldich and oihers ¢ TH61Y have been recomputed, using
B SRR IO e
172 % W yr
OTEY tulomic rukio
S Abbreviations: wr, wiole rock: e museovite: hi, biotite: ho, hornblende
! Peiermen {1966
FHunson [ D68
IR and Mathotra (1971
Analytical uncertainiy in the uges is ahogt S percent.

Fable V-6, Summury of Rb-Sr age determinations on bietiles from Middie Precumbrizn rocks,

wlap
No. -
Sumiple ifig, Rb Sry, SERT/SpER L RBET
N Y ription topn) i pro} fAtomie) (Ao |
h MoGriath Gnelss, MeGrath 315 _-‘r._il- : [42 t750)
4 ¢ MeGirath Gneiss, W of Denham 113 61t | 1740
1 i Quarlz monzonite, Warman 2 S? 3.2 510
6t r Tonalite, Hillman 173 §1.3
38 5 Cornnite, St Clowd 5.06 ann
10 % Granodiorite. St Cloud .23 0.2
332 v Guartz monzonite. Rockyiile A7 1()._1 _ 383
336 W Quartz monzonite. SW. af S Clowd 0l 178, 293

FCaleulated from spiked runs
* Computed with initid ratio
M =139 10 s R R

= 0386 tutomie)
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Table IV-13. Modes, in volume percent, of tonalite and
related rocks in cast-central Minnesota.

Freedhem

Hillman guartz. St Cloud
tonalite granodiorite monzonite granodioriie
Quuriz 27 7 21 16
Andesine 51 43 27 43
Microcline < i3 35 12
Biotite 13 18 10 7
Hornblende 2 i2 2 12
Accessories
Pyroxene X 2 2 3
Apalite X X x ht
Zircon X X X X
Sphene X X X X
Opague bt X X X
Secondury
Cuwrbonate x X X X
Chlorite X X X X
Epidote X X X X
Sericite X X X X

X, genernlly less than | percent
x, generaily less than 0.3 percent

StoCloud Gray Granodiorite

Granediorite, conwmonly referred 10 as St Cloud gray
granite, hus been quarricd for many vears in the viginity of

Cloud ifig, IV-200 The rock s dark grav, but has g
slight reddish hue impurted by K-leldspar, 1t is medium
grained and massive, but contains numerowns smadl inclu-
stons which define a vague feliution locu¥y. The grano-
diorite is cul by dikes of aplite and red granite. dnd Wouvsks
{1949, p. 1012) deseribed @ pink phase of the granodiorite
whicl she auributed to alteration (granitization? by the
younger red granite of the arca, The mode of the grane-
diorite in Table IV-12 is comparshle 1o the composition
given by Woyski 11949), '

CHOIWV/GEOLOGY OF MINNESUOTA 231

Tuble 1V-i4, Modes. in volume percent, of avgite-horm-

252 MIDDLE PREC

7/1/2003

Younger Granitic Rocks (Slearns Mugimu Series)
ATed,
ety

medim-g
ad the 81 Clood red graniie, s quurticd at severs)
locaiities o Beaton und Stearns Counties in the vicinity of
St Cloud, Ouicrops of similu

e agite- rmmh{uuk graiiie. com-

WHIC rocks wlso are known

inowestern Mille Lacs Coungy amd o ogent
Cotnty. Woyski (1949, p 1000 cun'-«'ldul'«-nl it
ol the voeunger, Jurger intrusive

tuins nclusions of the granodios

Morrivon
R O

S tor o

el S0 Cloud, the tong-
Mies noar Freedhem and Billmun, and [Iu homson For-
nation. Wouski tsee Skiflman, 1946, e cin, pe 33 noted
thitt east of the Mississippi River the granite fs pink. where-

cuks arud von-

s west ol the river it by red, She also soted tha the rock is
darker red or green alomg Joinis, owing (o the preseige of
chlorite- pad epldote-bearing voins. and that the dark red
color
the wve

i be relatad to aberaiion spatially ssocinied with
ms She deseribed cataclusiic texiures i he rocks.,
and aitribuced the red color to hvdesthermal detivity ratho
tha 10 surficiad waithering.
At severat focalities the sugite-horblende urinite cien

b transests the St Cloud Lrid
inclusions of i,
Uity

tediorite and contiains
bue centacts with the cowrse porphyeitic
monzonite in the vicininy of Rockville are fuchking:
hesee the g refations of these twe “(m te rocks HINNE el

known. Wavski considered thut the two rocks probad
simidtar in

tions {table

‘E_‘\ ury
ionoted that the mine rtogteal composi-

Ddiffer somewhit. especially with respect
Lo the ratio of plagioclse to microcline.

blende granite of S1 Cioud and quartz non-
zonite of Rockviile.

St Cloud

DEIJI 1z B IQ o 2§
Dligocluse-undesine 19 36
Microcline 32 e
Biotite A

Accossorices

Hornblende 1 .

Pyroxene x

Aputite N <

Zireon N N

Cipaguie "

Secomidary

Cavbotaty % N

Chlorite .

Fopidute N «
X
X
X
X

ruf%v fess than (L5 percent
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Appendix B

" Dlark Bstamzrphs
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Appendix E

Gelogy of Quarry Park & Nature Preserve Shurr & Anderson 1993

;.L'
Ao
Frqr.ug i
i .' C
A5 55 65 15 85 45 a5 tis 13f 19 l 15 1y o

a!\)‘mi .E"n .’FM

Figure 27 Frequency plots of the azimuths of shear zones within each of the
four focus areas. (Average trend for left-lateral and right-lateral
shears shown by LL and RL, respectively.)

A Northeast Area  N=56
B Southeast Area  N=15
C South Area N=24
D West Area N=52

e
Fo
Fn‘wc«r
< e
v
=3
{8 g
. 2 e {4:

AT S5 K5 T 05 §7 19505 131 g oy 5 OOF O

/:}a;}r?r} £ oF ¥

Figure 28 Frequency plots of the azimuths of b

asali-dike margins within e
of the four focus areas.

ach

_A Northeast Area  N=10
B Southeast Area  N=9U

o South Area N=i2
D West Area MN=51
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Appendix F — pictures
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Picture 8 - The fracture trending N30E had an offset of eighteen inches.
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Picture 10 - N20OW older than N10E
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Picture 13 — Aplite dike

S75W 8 thick
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Picture 15 — Basalt dike
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Picture 21 — Aplite dike

Picture 22 - S30FE is older than S30W
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Table 1
ORIGINAL DATA
- Off-
Quantity Trend Azimuth Crosscutting | set Ficture Comments
DAY 1
2 S 70 E 110 B 7
N 30 E 30 A 18" 7&8
2 3 60 E 120 C 8
2 S 10 E 170 C
2 N 50 W 310 B
N 65 W 295
2 N 50 E 50
2 N 10 W 350 A 3" 9
N 80 W 280 B 9
N 30 W 330 A
N 5 W 355 B
N 70 W 290
N 60 E 60
2 N 10 E 10 B 10
2 N 20 W 340 A 10
4 N S0 = 20 B
N 45 W 315
N 20 E a0 A
N 5 E 5 B/A 11
N 20 E 20 /B 11
DAY 2
N 60 E 60 A
N 90 E a0 B
o) 75 w 255 13 Aplite dike 8" thick
S 75 W 255 L
3 N 60 W 300
N 45 W 315 B
N 55 W 305 A
) 55 W 235 B
N 55 W 305 A :
3 S 70w 250 C A
) g 50 W 240 B i Ap_hte dike 8"thick
3 S 75 W 255 C
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2 N 30 VY 330 B
3 5 80 W 260 A
S 60 E 120 c - ]
2 S 65 W 245 B
3 N 65 W 295 A
S 5 W 185 A
N 70 W 290 B
BASALT
DIKE s 60 W 240 15 Basait dike 2.5' THICK
2 N 50 VW 310 B In basalt dike
2 N 0 E 0 A in basalt dike
N 80 W 280 A 14 In basalt dike
N 10 E 10 B 14 In basalt dike
3 N 0 E 0 A in basalt dike
2 N a0 E 90 C in basalt dike
N 20 E 20 B/A in basalt dike
N 40 W 320 /B
SAW SIDE
3 S 30 E 150 A 22
2 ] 30 W 210 B 22
2 N 55 W 305 A
4 S 65 W 245 B
3 N a0 E 90
2 S 50 E 130
N 65 E 65
2 N 35 E 35
S 70 \ 280 A
S 10 E 170 B
3 N 50 E 50 C
N 15 W 345 Aplite dike 1" thick
g 50 E 130 21 Aplite dike 3" thick
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Table 2
SORTED DATA
Quantity Trend Azimuth Crosscutting |Off-set| Picture Comments
5 N 0 E 0 A In basalt dike
2 N 5 E 5 B/A 11
3 N 10 E 10 B 10 &14  fin/out basalt dike
2 N 20 E 20 B/A 11 In basalt dike
3 N 30 E 30 A/B 18" 7&8822
2 N 35 E 35
5 N 50 E 50 C
1 S B85 W 235 B
4 N 60 E 60 AlB Aplite dike 8"thick
1 S &8) W 240 15 Basalt dike 2.5' THICK
7 N 65 E 65 B
3 S 70 W 250 C
5] S 75 W 255 C 13 Aplite dike 8" thick
3 S 80 w 260 A
11 N 80 E a0 B/A/BIC C - in basalt dike
2 N 80 W 280 B/A 9814 In basalt dike
5 S 70 E 110 BIA 7 S
4 N 85 W 295 A
6 S 80 E 120 C 8
4 N 55 W 305 A :
2 S 50 E 130 21 Aplite dike 3 thick
4 N 50 w 310 B Infout basalt dike
2 N 45 W 315 B ]
1 N 40 W 320 /B
8 S 30 E 150 AlB 22
2 N 20 W 340 A 10
1 N 15 W 345 Aplite dike 1" thick
5 S 10 E 170 A/C/B 3" 9
1 N 5w 355 B _
103
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. There area no fractures containing aplite or with in the basalt dike, only joint fractures.
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Frequency plot of azimuths of fracture zones at Quarry 9
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