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ABSTRACT FRACTU RE MAPPI NG PLATTEV' LLE FORMAT'ON (ORDO\"ClAN) Preferential termuggggon of6§2r6?octures corresponds to high K bed parallel macropore network + Fig. 11 shows in-progress fracture tracing results for the Platteville
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Avenue Bridge.

« All wells have a bed parallel macropore network

Outcrop-based fracture mapping remains the best technique to provide insight into sub-
that dominates hydraulics in the well, at the

surface fracture characteristics and their hydrologic significance. Recent fracture mapping in
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preferential termination horizons (PTHs) that can impact groundwater flow. using the Thiem equation are shown below the Magnolia contact strata, and in the lowermost Hidden Falls (Fig. 1) e, f), Hiden Fam (
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Formation monitor wells bed parallel macropore (BPM) network approximating the Hidden

sandstone beds at a consistent stratigraphic position within the lower part of meter-scale
parasequences. Reconnaissance work at scattered Cambrian outcrops elsewhere in the ‘
region also suggests the presence of a PTH in the uppermost 2m of sandstone and shale in e o

Falls-Magnolia contact (Fig 12). Another head deflection in the well,
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IMPACT ON GROUNDWATER FLOW

DISCUSSION: RELATIONSHIP BETWEEN BED PARALLEL MACROPORES (BPMs) AND VERTICAL FRACTURE TERMINATIONS

- We intend to improve our understanding of the link between detailed hydraulic head profiles and other borehole conditions to
outcrop fracture attributes by improving our instrumentation of wells near bedrock exposures, in collaboration with Jessi Meyer and
Beth Parker from the Centre for Applied Groundwater Research at the University of Guelph.

by flow through fractures and bed parallel macropores. B) Borehole natural gamma ray log located
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I Unique #448708). KEY
" Fault N _; Borehole gamma log located v Parasequence (coarsening upward sandstone) :
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most commonly terminate (PTHSs) align with the natural gamma
signature within the coarsening upwards parasequence and
correlate to significant head change in the Afton borehole.
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VERTICAL FRACTURES o
- FRACTU RE MAPPI NG' JORDAN SAN DSTON E (CAM BRIAN) KEY - Understanding the genesis, including timing, of fractures and bed parallel macropores could ultimately improve predictability of their distribution
| mecHanca i» FLOW __ ., | Fracture not used in analysis (traced extent of less than 2 ft ) o pgtrﬁgnt fralf'czu;f; that terminate Flg- 3 5h0VY§ the compilation of traced fractures rela- and thus provide a better understanding of groundwater flow.
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T S ' length and confident of traced extent) . . : : : : : :
MECHANICAL INTERFACE | Fracture not used in analysis (not confident of presence and/or “bins; WiFh approx T(Lberilecfhnatr?iital Unit or unit interface * Bar graphs on the ”ght deplCt CaICUIated percentage etricz)l': (tf)o\(/):r)téacll:‘J;S(;ctlz:’nhO;Arl]edvﬁ?nzev;l:de;?aecrtg:: fr?gtgreaiie;nmmatlon horizons led to preferentlal development of BPMS’ or whether BPMs developed
traced extent) 2 ftspacing T et fracs ot oreferentially of fractures that terminate within 2 foot bins, corre- P J Propagation.
{_} Natural gamma log collected from this outcrop terminate (PTH) sponding to the minimum thickness of most beds . Wisugiest thdat BPMsdare more likely tohhavebprec?ded \;Ierticlal frabcturelsl,qand served as Weal; interfaces, than the invoclerse. BPMs ilnfsiliciclastic strata
: = L4 such as the Jordan Sandstone appear to have been formed early in burial history, prior to conditions necessary to produce vertical fractures
! e Lo . - - that can be traced across the length of these outcrops. , , , , ’ , , , ,
& Tf TN Y - l FI,GURE .1 | Madpped fLaICtErZS 'T e;pgsurﬁ of'Sllurlafn do!os'lcc;ne, eastern R J P (see adjacent poster by Runkel et al). BPMs in the Platteville Formation do not appear to be preferentially present, nor of greater dimensions, at vertical
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fracture characterization on the Paleozoic bedrock of the central midcon- | \ 1 \ used only fractures with trace lengths exceeding 2 ft. conductivies.
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. N e BT N 1 L T N associated with bed contact 6. A second bed contact stratigraphic positions with bed parallel macropores (blue lines) (Macropores are
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2| Chen [ Ordovician bedrock strata near Madison, Wisconsin,and | | [ SR SO L el DR e R ey o T I L = —  overall relatively lower density of fractures and limited m)eterthick interval that contains bed parallel macro oresl?gutlined in)l/olue) Out
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Esjtc’ida” 100 M conceptualization of fracture characteristics. Modified from | | S e R P e ey, . o = ™ | e j— T I — S S I E— i lateral extent of exposure permit only 4 fractures to crop s Washinaton Avenue Bridge TwiFr)1 Cities. as shor\)/vn - Fiaure 11 fracture ma
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- T - 2 u ____________ Z |
Franconia. . . = =2 Ak SR IESTISES: B e i ' i B)Jordan Sandstone.Vertical fractures terminate at an irregular bed contact that
| (Tunnel City ° : : - : . . .
| Meyer et al. (2008)husedhd|scretg mlterr]val hea.d Head FIGURE 7. Stillwater, Minnesota. Jordan Sandstone outcrop with traced bed contacts (white) and vertical fractures FIGURE 8. Compilation of traced fractures relative to bed contacts, outcrop natural gamma log, and fracture contains bed parallel macropores, underlined in blue.
N i . measu;irner;tstt.o > OhVY t it verltlca changes In head occur (red). Gray shading denotes area too poorly exposed for fracture tracing. termination percentages calculated for the Stillwater outcrop shown in Fig.7.
| Ironton/ £l across thin stratigraphic intervals
Galesville | - ; : ]
| Wonewoo) || - CONCLUSIONS AND FUTURE RESEARCH
100 * They suggested that these key intervals of low vertical A B , , . ,
| ;iié'aire permeability correspond to horizons that limited the ) ) FIGURE 5 Fairy Glen Lookout Pt Oasis Cafe Afton MLS Borehole (USGS GAMMA)  Afton MLS borehole NII:II\Ig 1:]) shows’ d corrzlatlor;of three |?Ca|'t'95 near St'||Wat§r: - Our results are consistent with earlier fracture mapping of Silurian carbonate bedrock in eastern Wisconsin by Cooke et al. (2006) in
propogation of vertical fractures. . , S where we've conducted outcrop fracture mapping and out- showing the presence of units with through-going fractures separated from one another by PTHs, indicating the lower Paleozoic
: - A) Measured section of Jordan Sandstone, £ : : : . : : . : . .
Discrete, key aquitard ) ) s . ' crop gamma logging correlated with nearby borehole gamma bedrock in this region has in this respect a generally consistent, predictable fracture character across a wide spectrum of rock types
Low matrix K carbonate, very fine siliciclastics near Stlllwater’ MN (eaStern TCMA) 2?0 * pror i | VS e |OgS d
' Intercalations of fine clastic and coarse 50° el e andage.
High matrix K, fine to coarse sandston . Sl H H ° : : : . « . . . o e .
i I ] clastic sandstone, representing stacked S The fourth locality near Afton, MN is a Westbay instrumented -Our results also demonstrate that PTHs are correlatable (maintaining a consistent stratigraphic position) across distances of at least
S | — parasequences, are typical of lower Jordan .- ] borehole with discrete multi-level head data from the lower 3 few kilometers.
* Hydrologic investigations in Minnesota over the past 20 Lod and upper St.Lawrence strataregionaly 1 = i Jordan Sandstone, the St.Lawrence and the Tunnel City Group
& ~ St Lawrence top . = 270 . RN 7 . . . o o o o oo
years (e.g.Runkel et al., 2013) have also shown that the f | Cambrian (Runkel et al., 2007; Runkel, 1994). 1~ : ' *The correspondence of PTHs to measurable hydraulic properties suggests promise for improved predictability of groundwater flow.
groundwater system in lower Paleozoic bedrock is dominated iR ordouician 0- SR iop j - Key mechanical units or interfaces where vertical fractures
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* Over the past 5 years we have attempted to characterize ‘
vertical fracture patterns at a number of outcrops, in an effort
to better predict subsurface groundwater conditions.
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