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Table 1.  U/Th ages of Selected Stalagmites from Cold Water Cave. 

Sample Year 
Collected 

Sub-sample 
position 

Lab /      
When 

Age        
(years b.p.) 

Lab /  
When 

Age       
(years b.p.) 

74019 1974 base McMaster 
1974 

80,000 ± 
2,100 

Minnesota  
2001 

6,940 ± 640 

74015 1974 top McMaster 
1974 

20,000 ± 
2,500 

Minnesota  
2001 

6,100 ± 
1,600 

74015 1974 middle McMaster 
1974  

27,000 ± 
1,000 

Minnesota  
2001  

8,440 ± 750 

74015 1974 base McMaster  
1974 

34,400 ± 
5,500 

Minnesota  
2001  

9,200 ± 
1,100 

1S 1990 top Los Alamos 
1991 

1,147 ± 7   

1S 1990 base Los Alamos 
1991 

7,773 ± 42   

2M 1990 top Minnesota  
2004 

7,960 ± 70   

2M 1990 middle Minnesota  
2004 

9,680 ± 90   

2M 1990 base Minnesota  
2004 

11,420 ± 
500 

  

CWC-5F 1996? top New Mexico 
1997 

26,490 ± 
510 

Minnesota  
2001 

27,060 ± 
770 

CWC-5F 1996? base New Mexico 
1997 

28,470 ± 
250 

Minnesota  
2001 

29,470 ± 
310 
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POLE LINE ROAD SECTION 
W ½ sec. 1, T98N, R9W, Winneshiek Co., Iowa 
Measured 12/7/2004; Brian Witzke, Greg Ludvigson, Jean Young 
 
DUBUQUE FORMATION 
FRANKVILLE MEMBER 
UNIT FR3.  Limestone and shale, dominantly crinoidal wackestone to packstone, lower 

58 cm mostly crinoidal packstone; some beds are slightly wavy, argillaceous to shaly 
partings separate limestone beds 6 to 20 cm thick.  Shaly partings noted at 20 cm, 36 
cm, 52 cm, 58 cm, 71 cm, 85 cm, 98 cm, 1.14 m, 1.23 m, 1.36 m (prominent shaly), 
and 1.54-1.62 m (shaly zone) cm above base.  Lower 1.2 m with scattered thalassinoid 
burrows; top 17 cm bed with vertical burrows.  Scattered dalmanellid brachiopods in 
lower 58 cm.  Thickness 1.8 m. 

UNIT FR2.  Limestone and shale, wackestone to packstone, notably more crinoidal than 
below; shaly partings.  Scattered thalassinoid burrows in lower 17 cm and upper 13 
cm.  Coarsely crinoidal at top.  Thickness 53 cm. 

UNIT FR1.  Limestone, mudstone-wackestone, more coarsely crystalline than below; 
thalassinoid burrow networks throughout; irregular beds 10-20 cm; prominent bedding 
breaks at 68 cm, 1.3 m, and 1.72 m above base, and at top.  SCB grainstones at 78 cm 
(2-3 cm thick) above base and top 1-3 cm (pinches out laterally).  Receptaculitid at 50 
cm above base; large nautiloid (7 cm diameter) at 1.45 m above base; Paleosynapta 
burrows near top.  Scattered irregular pyrite nodules.  Thickness 1.96 m. 

 
WISE LAKE FORMATION 
RIFLE HILL MEMBER (= Stewartville Member of Templeton and Willman) 
UNIT RH6.  Limestone, skeletal wackestone, thalassinoid networks through; split into 

beds 10 cm thick; argillaceous bedding break 39 cm below top; shaly parting (“marker 
bed” of Levorson and Gerk) at top.  Pyrite nodules (2 cm) scattered in lower part.  
Thickness 1.04 m. 

UNIT RH5.  Limestone, skeletal wackestone-packestone, part abraded grain; thalassinoid 
burrow networks through, lower half less so than unit below.  Bedding breaks at 23 
cm, 40 cm, 48 cm (prominent), 67 cm, 79 cm, 1.05 m, 1.3 m, 1.68 m,1.88 m, 2.0m, 
2.13 m, 2.23 m, 2.48  m, 2.63 m above base; thin argillaceous parting at top.  Stylolitic 
partings at 62 cm, 66 cm, 2.48 m above base.  Sculpted hardghround surface at 68 cm 
above base.  Coarser packstone lens 72 cm above base; discontinuous burrowed 
packstone lens 21 cm above base.  Rubbly bedded 1.3-1.4 m above base; 1.7 m above 
base with calcite vugs, part pyrite lined.  Gastropods noted 36 cm, 1.18 m, 1.55 m, 
1.73 m above base; nautiloids noted 21 cm and 1.73 m above base.  Indeterminate 
brachiopods 72 cm, 1.6-1.7 m, 2.0m above base; illaenid trilobite 1.23 m above base.  
Thickness 2.8 m. 

UNIT RH4.  Limestone, skeletal wackestone-packstone, slightly dolomitic; thalassinoid 
burrow networks through.  Irregular bedding breaks at 17 cm, 65 cm, 85 cm, 1.07 m, 
1.39 m, 1.86 m, 2.06 m, 2.27 m (persistent) above base and at top.  Diffuse packstone 
lens at 96 cm above base; thin discontinuous packstone lens 15 cm below top.  SCB 
grainstone 3-7 cm thick, base 53 cm below top, penetrated by burrow fills, probable 
2.8 m wavelength.  Indeterminate fragmental skeletal debris, part crinoidal; 
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Hormotoma at 56 cm bove base; vertical Paleosynapta burrows 72 cm above base.  
Thickness 2.8 m. 

UNIT RH3.  Limestone, skeletal wackestone-packstone, scattered packstone lenses; 
prominent thalassinoid burrow networks extend up to 15 cm vertically, partly 
dolomitic.  Bedding breaks at 85 cm, 1.3 m, 1.93 m above base and at top.  
Hardground 75 cm above base.  Dense mudstone 3 cm thick noted 26 cm above base; 
possible intraclasts noted 18 cm above base.  Top 0-8 cm of unit is SCB grainstone, 
penetrated by burrow fills, starved megaripple bedform with 15 to 20 m wavelenth.  
Fragmental skeletal debris, part crinoidal; gastropods common 45-50 cm above base; 
large crinoid debris, gastropods, and cup corals noted 1.3 m above base.  Thickness 
1.93 m. 

UNIT RH2.  Limestone, skeletal wackestone-packstone; thalassinoid burrow networks 
throughout, part slightly darker than below.  Bedding breaks at 45 cm, 78 cm, 1.08 m, 
1.18 m, 1.38 m above base and at top.  Hardground surface noted 83 cm above base.  
Uppermost 11 to 15 cm is SCB packstone-grainstone, sparry cements, top surface is 
darkened sculpted hardground, burrows (7-10 mm diameter) penetrate to 5 cm below 
top.  Gastropod-rich stringer 68 cm above base; large gastropod (6 cm diameter) 20 
cm above base; scattered gastropods 1.1 m above base.  Thickness 1.65 m. 

UNIT RH1.  Limestone, skeletal wackestone-packstone; prominent thalassinoid burrow 
networks throughout, part dolomitized.  Bedding breaks 61 cm above base and at top.  
Scattered brachiopods, crinoid debris, gastropods; receptaculitids noted 20 cm, 24 cm, 
66 cm, and 79 cm above base.  Thickness 1.16 m. 

 
SINSINAWA MEMBER (position of upper contact follows Levorson and Gerk) 
UNIT Si6.  Limestone, dominated skeletal packstone, skeletal debris mostly coarser than 

below; thalassinoid burrow networks throughout; single bed.  Crinoid debris, common 
gastropods, large gastropod noted 38 cm below top; abundant receptaculitids, 
receptaculitids noted 10 cm, 36 cm, 37 cm, 42 cm (30 cm diameter), 46 cm, 49 cm, 
and 81-85 cm (abundant) above base.  Thickness 1.1 m. 

UNIT Si5.  Limestone, fine skeletal wackestone-packstone, prominent thalassinoid 
burrow networks through most (not in hardground intervals).  Prominent bedding 
breaks at 45 cm, 87 cm above base and at top.  Blackened hardground surface (3 cm 
relief) noted 20 cm above base; dark hardground surfaces noted 54 cm and 91 cm 
above base.  Common large gastropods (to 5 cm diameter) in lenses 30 cm below top.  
Thickness 1.16 m. 

UNIT Si4.  Limestone, fine skeletal wackestone-packstone; thalassinoid burrow networks 
throughout, part dolomitized, single networks extend up to 25 cm vertically and 40 cm 
laterally.  Lower 70 cm is single massive bed; additional bedding breaks 1.03 m above 
base and at top.  One thalassinoid burrow contains a large gastropod (7 cm diameter).  
Thickness 1.32 m. 

UNIT Si3.  Limestone, fine skeletal wackestone-packstone, dominantly fine packstone in 
upper 1.3 m; thalassinoid burrow networks through most, part dolomitized.  Lower 72 
cm is single massive bed; additional bedding breaks 1.57 m above base and at top.  
Scattered brachiopods and crinoid debris.  Thickness 2.06 m. 

UNIT Si2.  Limestone, skeletal mudstone-wackestone with packstone lenses; thalassinoid 
burrows in part, but networks do not penetrate through all packstone lenses; upper 17 
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cm lacks thalassinoid burrows.  Bedding breaks at 55 cm, 1.22, 1.65 m above base and 
at top.  Scattered chert nodules noted 25 cm above base.  Packstone beds and lenses 
noted 28-36 cm (starved bedforms, crinoidal), 42-45 cm (crinoidal, 2 m wavelength), 
45-55 cm (gastropod-rich lenses), 71 cm (gastropod-rich), 78 cm (gastropod-rich), 90 
cm (gastropod-rich), 99 cm (gastropod rich), 1.83 (gastropod-rich) above base; top 17 
cm is mudstone with starved packstone megaripples (80-100 cm wavelengths).  
Scattered to common brachiopods and crinoid debris; lower bed wth dalmanellid and 
orthid brachiopods.  Thickness 2.03 m. 

UNIT Si1.  Limestone, mixed skeletal mudstone, wackestone, fine packstone; mudstone 
increases upward but with some packstone lenses; slightly argillaceous near top, 
argillaceous streaks noted 7 and 13 cm below top (minor bedding break); overhang 
above.  Darkened hardground surface noted 12 cm above base, burrows penetrate to 6 
cm; vertical burrow prods (5 cm) present 23 cm above base.  Gastropods noted 26 cm 
(packstone with brachiopods), 35 cm (packstone with brachiopods), 40 cm (gastropod 
packstone), 46-53 cm (large gastropods) above base.  Thickness 63 cm. 

 
DUNLEITH FORMATION 
WYOTA MEMBER 
UNIT W14.  Limestone, dominantly skeletal wackestone, minor packstone; scattered 

burrows; slightly argillaceous.  Bedding breaks at 27 cm and 54 cm above base and at 
top.  Basal 6 cm with horizontal laminations; starved megaripple packstone lenses at 7 
cm (wavelength 1.45 m) and 12 cm above base; fine packstone at top.  Abundant 
nodular chert 20-28 cm below top.  Large brachiopods noted near top.  Thickness 78 
cm. 

UNIT W13.  Limestone, skeletal mudstone-wackestone, burrowed wackestone-packstone 
lens 6 cm above base.  Abundant chert, chert nodules 7-15 cm above base, scattered 
nodules 25 and 36 cfm above base; top 4-7 cm is chert bed.  Thickness 50 cm. 

UNIT W12.  Limestone, fine wackestone-packstone, more wackestone in upper part.  
Chert nodules scattered at base, nodular chert band (5 cm thick) 22 cm above base; top 
34 cm extremely cherty with nodular cherts comprising 40-50% of interval; chert bed 
at top.  Hardground surface 36 cm above base, light burrows penetrate to 5 cm.  
Thickness 71 cm. 

UNIT W11.  Limestone, fine skeletal wackestone, slightly argillaceous, single bed; minor 
thalassinoid burrows 18 cm above base.  Hardground surface 10 cm below top, 3 cm 
burrowed relief; dark burrowed packstone above.  Thickness 54 cm. 

UNIT W10.  Limestone, skeletal wackestone; upper part with with laminar appearance, 
thin burrowed packstone interbeds; discontinuous starved packstones at 12 cm and 19 
cm above base (50 cm wavelength) penetrated by burrows.  Bedding breaks 10 cm, 24 
cm above base and at top.  Sculpted hardground surface 38 cm above base, 7 cm 
burrowed relief.  Scattered chert nodules at base and 11 cm above; nodular chert band 
(to 5 cm thick) 17 cm above base.  Thickness 64 cm. 

UNIT W9.  Limestone, skeletal wackestone, gray mudstone-wackestone with 
discontinuous starved packstone lens at 45 cm above base.  Bedding breaks at 25 cm, 
54 cm, 71 cm above base and at top.  Dark hardground clast at base.  Thickness 80 cm. 

UNIT W8.  Limestone, skeletal wackestone, thin packstone lenses (dark, burrowed) at 
top and 66 cm, 61 cm, 43 cm, 31 cm, 12 cm, 8 cm below top.  Irregular bedding 
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breaks every 7 to 20 cm; many bedding breaks are argillaceous, slightly recessive.  
Chert nodules 39 cm below top.  Hormotoma and cup corals 30-32 cm below top; top 
with crinoid debris, brachiopods (Strophomena), cup corals.  Thickness 1.0 m. 

UNIT W7.  Limestone, skeletal wackestone-packstone; single bed, but minor bedding 
breaks internally.  Scattered chert nodules 2-24 cm above base.  Upper part with 
crinoid debris, brachiopods, cup corals.  Thickness 52-60 cm. 

UNIT W6.  Limestone, fine skeletal wackestone, slightly argillaceous; irregular bedding 
breaks internally.  Packstone lenses 13-33 cm and 54 cm below top.  Top 10 cm 
slightly recessive with thalassinoid burrows (locally extending to 45 cm below top); 
scattered small burrows in lower part.  Scattered small chert nodules 30-35 cm below 
top.  Hardground in packstone locally at top.  Lower beds with scattered brachiopods, 
crinoid debris, trilobites; middle beds with brachiopods (sowerbyellids), crinoid 
debris; upper beds with crinoid debris, gastropods.  Thickness 1.06-1.16 m. 

UNIT W5.  Limestone, dominantly skeletal wackestone, slightly argillaceous, locally 
shaly at top; in one or two beds.  Thalassinoid burrows common in upper part, absent 
in basal 11 cm.  Top 13 cm locally SCB packstone-grainstone; laterally discontinuous.  
Gastropods, crinoid debris.  Thickness 46-53 cm. 

 
WALL MEMBER (follows placement of Levorson and Gerk) 
UNIT W4.  Limestone, skeletal wackestone and mudstone-wackestone, minor packstone 

lenses 37-46 cm above base; SCB packstone-grainstone lens locally 42 cm above base.  
Thalassinoid burrows basal 20 cm, scattered thalassinoid burrows 50 cm above base.  
Chert nodules scattered 65 cm above base, common to abundant chert nodules 23-35 
cm below top.  Burrow prod or hardground locally at top (packstone filled prod).  
Scattered crinoid debris (part silicified); upper 30 cm with scattered large gastropods 
(including Hormotoma); lower part with scattered gastropods, brachiopods 
(sowerbyellids).  Thickness about 95 cm. 

UNIT W3.  Limestone, skeletal mudstone-wackestone; thin packstone near base.  
Scattered chert nodules upper 10-15 cm; common large chert nodules in lower 20 to 
30 cm, nodules to 30 cm diameter, bedded in part.  Sowerbyellid brachiopods.  
Thickness 55 cm. 

UNIT W2.  Limestone, skeletal mudstone to mudstone-wackestone; scattered thin 
packstone lenses, part developed as starved megaripples, some packstones are 
gastropod-rich.  Scattered brachiopods, crinoid debris; receptaculitid and nautiloid 
noted in upper part.  Thickness about 1.1 m. 

UNIT W1.  Limestone, dominantly skeletal wackestone, lower part with mixed 
mudstone-wackestone; packstone lenses scattered through, part starved to 
discontinuous, part gastropod-rich.  Irregular bedding breaks every 10-25 cm.  Chert 
nodules noted 82-29 cm, 98 cm, and 1.09 m above base.  Crinoid debris, scattered to 
common gastropods, brachiopods (sowerbyellids, Strophomena), trilobites; scattered 
receptaculitids in upper part; cup corals 80 cm and 1.25 m above base; Chondrites 
burrows noted 93 cm above base.  Thickness 1.65 m. 
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SHERWOOD MEMBER (note: units S3-S5 are faulted out across eastward offset) 
UNIT S6.  Limestone, skeletal wackestone-packstone; lower 40 cm with interbedded thin 

dark packstones; part with lighter mm-scale burrows.  Massive ledge; minor bedding 
break 28 cm above base.  Common crinoid debris and stems, scattered brachiopods. 

UNIT S5.  Limestone, skeletal packstone and wackestone-packstone; unit is poorly 
exposed.  Irregular beddding breaks every 5 to 12 cm.  Discontinuous crinoidal 
packstone interbeds, crinoid debris and stems.  Gastropod noted near base.  Scattered 
chert nodules in upper part.  Estimated thickness 1.8 m. 

UNIT S4.  Limestone, skeletal wackestone, discontinuous crinoidal packstone in upper 
part.  Scattered to common chert nodules throughout, nodules to 17 cm diameter.  
Thickness 50 cm. 

UNIT S3.  Limestone, skeletal wackestone; thin packstone lenses 26 cm, 41 cm above 
bse and at top.  Irregular bedding breaks every 9 to 16 cm; top 20 cm in beds 6-9 cm.  
Fine crinoid debris throughout, scattered small bryozoans; brachiopods scattered to 
common in upper part (orthids, Strophomena, sowerbyellids); scattered trilobite 
fragments in upper part (including calymenids); scattered ischaditids in lower part.  
Thickness 1.6 m. 

UNIT S2.  Limestone, skeletal wackestone, part burrowed; several thin packstone lenses 
especially in lower part.  Irregular bedding breaks every 10 to 15 cm; upper 25-30 cm 
is argillaceous, recessive with shaly interbeds, shaly parting at top.  Hardground 
surface 50 cm above base.  Crinoid debris, brachiopods (sowerbyellids, Strophomena), 
gastropods; large trepostome bryozoans at base; Prasopora (to 3 cm), linguloids, large 
burrow forms scattered in upper shaly interval.  Ischaditids noted in lower part.  
Thickness 95-100 cm.  Position of Nasset K-bentonite at top of unit. 

UNIT S1.  Limestone, skeletal wackestone; massive but with irregular bedding breaks 
scattered 10-40 cm.  Burrowed horizon 35 cm above base.  Ischaditids noted in upper 
part.  Crinoid debris, small bryozoans.  Thickness 80 cm. 

 
RIVOLI MEMBER 
UNIT R7.  Limestone, argillaceous mudstone-wackestone; lower part with argillaceous to 

shaly partings; upper 34 cm is thinly-bedded and recessive with shaly partings (1-2 
cm), limestone beds 2-8 cm; Chondrites burrowed mudstone 20 cm below top.  
Crinoid debris, scattered articulated crinoids, scattered to common trilobites (Isotelus), 
brachiopods in lower part (Rafinesquina, sowerbyellids, orthids).  Thin Conover K-
bentonite locally noted at top.  Thickness 75-77 cm. 

UNIT R6.  Limestone, slightly argillaceous skeletal wackestone; scattered vertical 
burrows in lower part.  Massive ledges.  65-75 cm below top are dark packstone 
interbeds, part burrowed.  Dark (hardground?) surface 9 cm above base; packstone 
with burrowed hardground 17 cm above base; prominent dark sculpted hardground 
surface 13 cm below top and another 1 cm below top of unit.  Green-gray shaly 
bedding break at top.  Cup coral and large trepostome (aff. Prasopora) near top.  
Thickness 80-85 cm. 

UNIT R5.  Limestone, slightly argillaceous skeletal wackestone-packstone, dense; 
scattered cm-scale vertical burrows in lower 30 cm; massive ledges.  Isotelus noted in 
upper part.  Thickness 60-65 cm. 
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UNIT R4.  Limestone, skeletal wackestone, part argillaceous; bedding breaks at 13 cm, 
23 cm, 26 cm, 35 cm, 42 cm above base; top 18-23 cm is recessive argillaceous 
mudstone-wackestone with green-gray shale partings.  Prominent blackened 
hardground with borings 6 cm above base.  Orthid brachiopods in upper shaly beds.  
Top 2-3 cm is Calmar K-bentonite.  Thickness 89 cm. 

UNIT R3.  Limestone, wackestone, part argillaceous, argillaceous to shaly in upper 38 
cm; packstone lens 16 cm above base.  Dark sculpted hardground surface 10 cm above 
base, 4 cm relief; dark hardground surface 30 cm above base, 3 cm relief, Trypanites 
borings.  Crinoid debris, small gastropods, brachiopos (dalmanellids); large burrow 
form 43 cm above base; Receptaculitid noted 19 cm above base.  Thickness 69 cm. 

UNIT R2.  Limestone, skeletal wackestone, part argillaceous; packstone 26-35 cm above 
base.  Upper 19 cm is recessive with shaly partings, burrowed wackestone with thin 
packstone lenses; prominent shaly parting at top.  Basal 19 cm with argillaceous to 
shaly partings.  Dark sculpted hardground 26 cm above base, scattered borings, apatite 
grains scattered above hardground; prominent blackened sculpted hardground surface 
54 cm above base, burrows penetrate 6 cm, apatite grains scattered above hardground; 
dark less sculpted hardground surface 60 cm above base.  Packstone intervals with 
crinoid debris, articulated crinoids, brachiopods (dalmanellids, Rafinesquina), 
gastropods; wackestones with crinoid debris, brachiopods, gastropods.  Thickness 88 
cm. 

UNIT R1.  Limestone, argillaceous skeletal mudstone-wackestone; argillaceous to shaly 
partings at top and 9 cm, 24 cm, 32-40 cm, 46-48 cm, 58 cm, 63-66 cm, 90-94 cm 
below top.  Limestone 8-22 cm below top with thalassinoid burrows, trepostome 
bryozoans include Prasopora.  Sculpted mineralized (oxidized) hardground surface 27 
cm above base, scattered borings, thin shaly above; sculpted blackened hardground 
surface 17 cm below top.  Thickness 1.15 m. 

 
MORTIMER MEMBER 
UNIT M3.  Limestone, argillaceous mudstone-wackestone, 19-73 cm above base, green 

argillaceous partings at top; basal 19 cm is shale, green-gray, with limestone lenses; 
upper 15 cm is argillaceous limestone with green-gray shaly partings.  Sculpted 
pyritized hardground surface 73 cm above base, burrow fills extend downward up to 
12 cm.  Basal shale interval with scattered brachiopods (orthids, sowerbyellids), 
crinoid debris, bryozoans.  Upper argillaceous interval not very fossiliferous, scattered 
bryozoans, crinoid debris, sowerbyellids.  Thickness 88 cm. 

UNIT M2.  Limestone, skeletal wackestone to wackestone-packstone, irregular bedding 
breaks.  Basal 20 cm is argillaceous to shaly limestone with less argillaceous lenses to 
5 cm thick, sparsely fossiliferous mudstone-wackestone.  Very cherty, nodular to 
bedded chert noted 33 cm, 36 cm (scattered nodules), 55 cm, 71-80 cm (bedded), 89-
95 cm (bedded) above base.  Packstone lenses at 34-38 cm, 48 cm above base; mixed 
wackestone and packstone above.  Possible hardground surface at top.  Upper 
packstones with cm-scale subvertical burrowing.  Crinoid debris, brachiopods; basal 
shaly interval with crinoid debris, bryozoans, sowerbyellids.  Thickness 1.04 m. 

UNIT M1.  Limestone, argillaceous mudstone to wackestone, most is wavy bedded and 
recessive with argillaceous to shaly partings (green-gray),flaggy bedded in part; 
middle part of unit is covered.  Thicker less argillaceous wackestone bed 30-60 cm 

 138



below top, contains prominent chert nodules (to 5 cm).  Top 30 cm is shaly, green-
gray with thin wavy-bedded skeletal mudstone interbeds.  Crinoid debris, brachiopods; 
scattered gastropods in upper part.  Thickness 1.7 m. 

 
FAIRPLAY MEMBER 
UNIT F3.  Shale and argillaceous limestone, mudstone; flaggy bedded, recessive; 

sparsely fossiliferous.  Overlies hardground surface.  Thickness 13 cm. 
UNIT F2.  Limestone, slope forming limestone ledges, section is slumped to covered in 

part, partly colluviated, faulted out across offset to east; scattered to common 
receptaculitids noted.  Lower 42 cm is better exposed; prominent shaly recessive unit 
in basal 13 cm, limestone lenses with shaly partings in argillaceous limestone, wavy 
bedded 3-8 cm thick; remainder is limestone, skeletal wackestone with some 
packstone lenses, crinoid debris, dalmanellids.  Estimated thickness 4.3 m. 

UNIT F1.  Limestone, skeletal wackestone, prominent thalassinoid burrow networks 
through (yellow-stained, probably dolomitic).  Bedding breaks with green argillaceous 
partings at 57 cm, 85 cm above base and at top.Crinoid debris, scattered gastropods 
and brachiopods.  Receptaculitids scattered to common, noted 20 cm and 54-59 cm 
above base and at top.  Thickness 1.1 m. 

 
EAGLE POINT MEMBER 
UNIT EP5.  Limestone, skeletal wackestone, common crinoid debris; upper 15 cm with 

wavy argillaceous partings.  Thickness 37 cm. 
UNIT EP4.  Limestone, argillaceous wackestone; argillaceous partings in upper 25 cm; 

thalassinoid burrow networks through most of unit (orange colors suggest partly 
dolomitic).  Unit is irregularly exposed as ledges with scree cover.  Chert nodules in 
ledge 90-100 cm above base.  Scattered receptaculitids noted 15 cm, 60 cm, and 1.0 m 
above base.  Nautiloid and gastropods noted.  Thickness 1.6 m. 

UNIT EP3.  Limestone, wackestone; in ledges 15-20 cm thick, part wavy bedded; 
argillaceoous partings.  Packstone lenses 70-80 cm above base, gastropod-rich with 
sowerbyellids, large bryozoans (including Prasopora); gastropod-rich packstone 
lenses scattered in upper 27 cm.  Cherty in part with nodular cherts at 36 cm (nodules 
to 6 cm thick), 58-68 cm above base.  Lower beds with brachiopods, gastropods; 
Isotelus 60 cm above base; upper 27 cm with gastropods, cup corals, bivalve noted 
near top.  Thickness 1.32 m. 

UNIT EP2.  Limestone, skeletal wackestone with scattered packstone lenses noted 12 cm, 
46 cm above base and at top; argillaceous streaks 12 cm above base; unit seen as 
single ledge.  Crinoid debris, brachiopods (orthids, sowerbyellids), branching 
bryozoans.  Thickness 68 cm. 

UNIT EP1.  Limestone, skeletal wackestone to packstone; discontinuous bedding breaks 
internally; unit is partly covered by flowstone.  Top of unit is shaly.  Brachiopod-rich 
lenses (sowerbyellids, Platystrophia); crinoid debris, cystodictyonid bryozoans; 
scattered large trepostome bryozoans near top; Isotelus.  Thickness 1.04 m. 

 
BEECHER MEMBER 
UNIT B5.  Limestone, skeletal wackestone with packstone lenses; more skeletal 32-60 

cm above base, wackestone-packstone; less skeletal in upper part, prominent shaly re-
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entrant top 10 cm, green-gray shale with thin skeletal wackestone-packstone lenses.  
Bedding breaks 30 cm, 40 cm, 96 cm above base; discontinuous breaks at 66 cm, 70 
cm, 75 cm above base.  Crinoid debris, brachiopods (dalmanellids, sowerbyellids, 
orthids); nautiloid and gastropod  43 cm above base; large trepostomes 40-48 cm 
above base and in upper 10 cm.  Thickness1.05 m. 

UNIT B4.  Limestone, fine skeletal wackestone; packstone lenses 0.5-3 cm thick at 18 
cm, 22 cm, 41 cm (discontnuous bedform), 76 cm (gastropod-rich) above base.  Beds 
3-10 cm, part wavy bedded; prominent bedding break at top.  Thin mudstone at base 
with Isotelus.  Thickness 84 cm. 

UNIT B3.  Limestone, interbedded mudtone-wackestone and fine packstone; scattered 
horizontal burrows; ledges, bedding breaks at 28 cm, 41 cm above base and at top.  
Basal 3 cm is argillaceous with prominent horizontal burrows (1-4 mm diameter).  
Upper 23 cm is muddier, argillaceous, wavy bedded, lenses of thin brachiopod-rich 
packstone.  Scattered gastropods, cup corals.  Thickness 64 cm. 

UNIT B2.  Limestone, skeletal wackstone; packstone lenses at 28 cm, 64-66 cm above 
base.  Bedding breaks 23 cm, 40 cm, 66 cm above base with argillaceous to shaly 
partings.  Uupper 35 cm is thin wavy bedded 2-6 cm, argillaceous to shaly partings 
packstone lenses in lower half, mudstone-wackestone in upper part..  Indeterminate 
fine skeletal debis; common gastropods 65 cm above base; upper 35 cm with 
brachiopods, gastropods.  Thickness 1.0 m. 

UNIT B1.  Limestone, argillaceous wackestone; irregular bedding breaks every 3-9 cm 
with argillaceous partings; shale 70-73 cm above base and top 4 cm; upper 37 cm 
thicker bedded with discontinuous bedding breaks; shaly parting at top is burrowed 
and less skeletal.  Overhang at base of unit.  Packstone lenses scattered, packstone unit 
45-53 cm above base with common gastropods, Prasopora..  Scattered to common 
large trepostome bryozoans throughout include Prasopora (most common in shale 70-
73 cm up).  Other fossils include brachiopods (sowerbyellids, dalmanellids, 
Platystrophia, Rafinesquina), crinoid debris, gastropods.  Thickness 1.1 m. 

 
DECORAH FORMATION 
ION MEMBER 
UNIT Ion2.  Limestone, argillaceous wackestone, argillaceous to shaly partings and 

interbeds.  Basal 11 cm shale dominated; upper 53 cm is shaly with limestone ledges 
(in lower 27 cm), increasing shale upward with thin skeletal lenses.  Scattered to 
abundant large trepostome bryozoans in shaly intervals, especially Prasopora.  
Scattered crinoid debris, brachiopods (dalmanellids, orthids), rare trilobites.  
Thickness 94 cm. 

UNIT Ion1.  Limestone and shale; basal 25 cm shale dominated, green-gray, part 
covered; upper 45 cm is dominated by argillaceous limestone, sparse skeletal 
mudstone, but top 7 cm includes skeletal packstones (part pyritic) with crinoid debris, 
brachiopods, bryozoans, trilobites.  Thickness 70 cm. 
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LOCUST ROAD SECTION 
N NW NE sec. 26, T99N, R8W, Winneshiek Co., Iowa 
Measured 4/20/2005, Brian Witzke and Greg Ludvigson 
 
DECORAH FORMATION 
DECORAH SHALE (equivalent to Spechts Ferry and lower Guttenberg members) 
UNIT 20.  Poorly exposed, partly slumped to colluviated.  Includes shale, green-gray, 

calcareous, and limestone, nodular in part, argillaceous wackestone with scattered 
brachiopods, crinoid debris, bryozoans, trilobite fragments.  About 75 cm thick. 

UNIT 19.  Poorly exposed, partly slumped to colluviated.  Dominated by green-gray 
calcareous shale; brachiopod-rich packstone lenses noted in middle part, scattered 
trepostome bryozoans.  K-bentonite in lower part noted in slump (Millbrige K-
bentonite).  About 1.3 m thick. 

 
CARIMONA MEMBER 
UNIT 18.  Limestone ledges, skeletal wackestone to packstone.  Basal 4-6 cm is deeply 

recessive, Deicke K-bentonite.  Overlying 10 cm limestone bed, skeletal wackestone, 
brachiopods, top 2-4 cm is fine skeletal packstone; large complex branching burrow 
forms, shaly break at top.  Next 15-17 cm limestone bed, skeletal wackestone, 
argillaceous, top 3-7 cm is packstone, crinoid debris.  Next 8 cm is limestone bed, 
crystalline packstone and wackestone-packstone, bivalve and gastropod molds, 
brachiopods, trilobite fragments.  Next 20 cm is limestone ledge, single bed, skeletal 
wackestone, fine skeletal debris on top surface, lower 2-3 cm is shaly re-entrant.  Top 
14.5 cm is limestone ledge, wackestone-packstone, hard, crystalline lower 1 cm is 
shaly parting; shaly surface at top.  Thickness 73 cm. 

 
PLATTEVILLE FORMATION 
McGREGOR MEMBER 
UNIT 17.  Limestone ledges, dominantly skeletal wackestone.  Lower 40 cm is 

irregularly bedded 5-8 cm; skeletal wackestone to mudstone; possible thalassinoid 
burrows, crinoid debris.  Next 27 cm is prominent limestone ledge, mostly sparse 
skeletal muddy wackestone, possible thalassinoid burrows; top surface is very sparsely 
skeletal; interval is thicker bedded, less argillaceous and more mud-rich than units 
below; crinoid debris, small bryozoans.  Top 21 cm is limestone, skeletal wackestone 
to packstone, irregular bedding break at 17 cm up with large cm-scale horizontal 
burrows; small bryozoans, crinoid debris, indeterminate grains.  Thickness 88 cm. 

UNIT 16.  Limestone bed, skeletal wackestone, skeletal grains finer than below, mostly a 
single bed; upper 34 cm is shaly recessive interval, interbedded limestone and shale, 
top 7 cm is mostly shale and deeply recessive; thin beds are sparse wackestone; 
possible thalassinoid burrows in lower 19 cm; crinoid debris, brachiopods, 
indeterminate grains; gastropods in lower part.  Thickness 68 cm. 

UNIT 15.  Limestone with interbedded shaly partings; dominantly skeletal wackestone 
with some packstone lenses, mostly wavy-bedded 2-7 cm thick.  Basal bed is lensoidal 
up to 10 cm thick, includes packstone, possible thalassinoid burrows, common 
gastropods, cup corals, crinoid debris; large orthids.  Locally thicker bed 22-31 cm 
above base.  Possible thalassinoid burrows 23-43 cm abobe base.  Packstone lens 15-
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18 cm above base, starved lensoidal bedform, wavelength 1.8 m.  Base of thicker bed 
43 cm above base, 13-19 cm thick, split by thalassinoid networks; scattered 
thalassinoid burrows above.  Discontinuous packstone beds 63-65 cm, 78 cm, 95 cm 
above base; scattered brachiopods, Eoleperditia, crinoid debris.  Top 23 cm is 
wonderfully fossiliferous, rich McGregor fauna, skeletal wackestone with some 
interbedded packstones; common brachiopods (orthids, Strophomena, dalmanellids, 
rhynchonellids), Eoleperditia, gastropods, bivalves, nautiloids, trilobites (Isotelus), 
crinoid debris and stems, bryozoans, cup corals.  Thickness 1.36 m. 

UNIT 14.  Limestone, mostly skeletal wackestone; most is wavy bedded 2-8 cm thick, 
shaly partings.  Shaly re-entrant 24 cm above base.  Thicker single bed 25-36 cm 
above base, thalassinoid burrows.  Thalassinoid burrows in lower 8 cm and 16-24 cm 
above base.  Indeterminate skeletal debis, crinoid debris and stems; 41 cm below top 
are large orthid and strophomenid brachiopods, larger crinoid debris, branching 
bryozoans, cup coral.  Thickness 85 cm. 

UNIT 13.  Limestone, slightly argillaceous wackestone, mostly indeterminate skeletal 
debris, some recognizable crinoid and brachiopod grains.  Single bed, shaly parting at 
top.  Lower 7 cm and upper 5 cm with prominent thalassinoid burrows.  Unit marks 
prominent lithic change from thicker beds below to thinner wavy-bedded above.  Base 
tentatively correlated with Mifflin-Grand Detour contact (of the Illinois classification).  
Thickness 33 cm. 

UNIT 12.  Limestone, slightly argillaceous wackestone, some bedding surface are more 
skeletal than below.  Bedding breaks at 9 cm, 14 cm, 25 cm, 34 cm, 42 cm above base 
and at top.  Prominent blackened hardground surface 13-15 cm below top of unit; 
sculpted, burrows and borings penetrate 1.5 cm from surface; blackened sculpted 
hardground surface 19 cm below top of unit, 2 cm relief, Trypanites borings.  Mostly 
indeterminate skeletal debris throughout; small cup coral 9 cm up; orthid brachiopod 
20 cm up; crinoid debris, small bryozoans 10 cm below top.  Lower 24 cm and top 6 
cm has dolomitized thalassinoid burrowing.  Top of unit is wavy to lumpy, scattered 
crinoid stems, orthid brachiopods.  Thickness 51 cm. 

UNIT 11.  Limestone ledges, basal 26 cm is partly overhanging, irregularly bedded 
above, 3-7 cm with slightly argillaceous wavy bedding breaks.  Dominantly skeletal 
wackestone, slightly argillaceous, indeterminate skeletal debris, scattered brachiopods 
and crinoid debris.  Thalassinoid burrows in lower 12 cm.  Shaly parting at top.  
Thickness 84 cm. 

UNIT 10.  Limestone with thin interbedded shale; recessive interval; shaly parting at top, 
thin shale at base.  Dominantly sparsely skeletal wackestone, argillaceous.  Lower 39 
cm in 2 to 3 beds, argillaceous to shaly wackestone, dolomitic in lower 24 cm; 
indeterminate skeletal debris.  Upper 60 cm increasingly shaly and recessive, shale 
and argillaceous limestone in beds 1-2 cm thick; skeletal wackestone, indeterminate 
skeletal grains.  Thickness 99 cm. 

\ 
PECATONICA MEMBER 
UNIT 9.  Dolomite, prominent ledge; minor bedding breaks at 33 cm, 60 cm, 79 cm 

above base; top 8 cm is fractured and thinner bedded.  Basal 3 cm is sandy to very 
sandy dolomite, fine to medium quartz grains; small calcite void fills.  Remainder of 
unit is very finely crystalline dolomite, small calcite void fills scattered through, large 
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calcite void fills 33 cm above base; vertical calcite fills 41 cm above base.  Dolomite 
apppears to be skeletal beginning 41 cm above base and upward; 41-79 cm up with 
indeterminate skeletal debris molds and dark grains, scattered molds of brachiopod 
fragments; 75-92 cm above base with common brachiopod molds in stringers, crinoid 
debris molds 86 cm up.  Reddish-brown burrow mottling scattered 30-40 cm below 
top, visible in unoxidized exposure only.  Thickness 1.15 m. 

 
GLENWOOD SHALE 
UNIT 8.  Sandstone, fine- to medium-grained quartz sand; top 8 cm is very fine- to fine-

grained sandstone, argillaceous to clayey, scattered calcite spar fills 2-3 cm, pyrite-
lined.  8 cm above base is a pyritic hardground surface.  May be equivalent to the 
Starved Rock Sandstone Member.  Thickness 16 cm. 

UNIT 7.  Shale, green-gray; dominantly clay shale; scattered red oxidized spots and red 
to maroon mottling in lower 25 cm (possibly pyritic weathering).  Sharp upper 
contact; sandstone-filled (f-m quartz sand) burrows penetrate to 4 cm down from top.  
Thickness 65 cm. 

UNIT 6.  Shale and siltstone.  Lower 33 cm is green-gray soft to crumbly shale, maroon 
stains at base; discontinous lenses of dark phosphatic (apatite) grains at base, mostly 
sand-sized but some pebbles to 2 cm.  Upper 12 cm argillaceous siltstone, part hard 
cemented; red spots up to 2 cm diameter (oxidized pyrite nodules?).  Thickness 45 cm. 

UNIT 5.  Argillaceous sandstone to siltstone, very fine- to medium-grained quartz sand; 
sharp base; part hard cemented; clay matrix, green-gray with orange-brown oxidized 
domains; red nodules 2-3 cm diameter (oxidized pyrite?).  Thickness 34 cm. 

UNIT 4.  Shale, green-gray, slightly silty; much of unit is covered; 27 cm below top is 
harder cemented shale with scattered horizontal burrows; top 15 cm is maroon to red-
brown shale.  Thickness 96 cm. 

UNIT 3.  Sandstone and siltstone, argillaceous, orange to brown.  Lower 18 cm is 
sandstone, argillaceous matrix, green-gray, fine- to medium-grained quartz sand.  18-
23 cm above base is very fine-grained sandstone to siltstone, clay matrix, light gray to 
green-gray.  Top 20-22 cm is very fine sandstone and siltstone with clay matrix; 
dominantly orange-brown with light gray burrow networks, uppermost 8-9 cm is light 
greenish-gray argillaceous siltstone with orange sand-filled burrows.  Thickness 45 
cm. 

 
ST. PETER SANDSTONE 
UNIT 2.  Sandstone, hard-cemented, fine- to medium-grained quartz sand; vertical 

burrow structures extend 10-38 cm down from top surface, 1-2  cm wide.  Top surface 
is red-colored from oxidation, probably a former pyritic surface. 

UNIT 1.  Sandstone, fine- to medium-grained quartz sand, mostly friable but is slightly 
cemented in upper 80 cm..  Unit is mostly covered.  Base of unit shows low-angle 
cross-laminations; top 20 cm with low-angle cross-laminations.  Thickness about 2.6 
m. 
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