
Field notes
If you are wondering, these are actual field notes.  Some stations were eliminated that are duplicative and some were simplified.

Day 1					August 19, 2019

Basil Tikoff working with Tim Shipley

Objective: Map the west side of Sage Hen flat

Background: There are two goals of the fieldwork.  First, there are two geological maps that don’t agree with each other.  The objective is partly to evaluate which is correct.  The second objective is to utilize a new way of characterizing uncertainty in field measurements while mapping. 

Ranking system for data: 1-permissive; 2-suggestive; 3-presumptive; 4-compelling; and 5-certain

Categories: 1) Outcrop quality/Attachedness; 2) Lithology; 3) Geometry; and 4) Kinematics (only if applicable)

We have two days to see as much as we can.  Neither of us is experts in the local stratigraphy.

Approach for the day: We are going to go where we can potentially view where the two geological maps diverge.  We will spend today in the southwest and tomorrow in the northwest.  The southwest part is a good opportunity to evaluate between the two models (Go to question 1).

Note: I use right-hand rule convention, but put the dip direction anyway for a doublecheck.

Stop 1: Sage Hen granite
We park the car by the road and then make a quick stop to make sure we can recognize the granite.  
Foliation oriented 171, 71 W
Definite magmatic foliation defined by hornblende lathes, but the foliation is very difficult to determine here.  Mafic enclaves slightly aligned in foliation.

For this outcrop:
Outcrop quality/Attachedness - 4
Lithology – 5
Geometry – 2
Both maps agree that this is Sage Hen flat granite, and the composition is the same as on the actual Sage Hen flat area (the main body of the pluton).  

Stop 2: Sage Hen granite
Approximately 2 km south of Stop 1.  Walked south up broad valley (I am wondering why is there a valley here).
Some hornblende lathes, some mafic enclaves.  Foliation is very difficult to see.  
Some fracturing, maybe one fracture every 0.5 m.  Fractures oriented 056, 80 SE. (Go to question 2).

Outcrop quality/Attachedness - 4
Lithology – 5
Geometry – 0

Stop 3: Quartzite
Probably Middle Deep Springs Formation
15 m west and uphill from Stop 2
Bedding oriented 210, 34W.  Quartzite is whitish below and brownish above.  The white quartzite seems diagnostic of the Middle Deep Springs.
No evidence of fracturing.

Outcrop quality/Attachedness – 5 (Quartzites typically outcrop well)
Lithology – 3
Geometry – 4

I would draw a solid contact between the quartzite and the granite (Level 4 for evidence)

Interpretation: I am only at Stop 3, but this outcrop seriously downgrades the possibility of a fault (Ernst&Hall model) contact.* (Go to question 3).  

Stop 4: Blue-grey limestone
20 m uphill (west) from Stop 3
This isn’t a great outcrop.  But, if it is the top of the Middle Deep Springs, it suggests that the sequence is in stratigraphic order.  I can’t see bedding.

Attachedness – 2
Lithology – 3

Stop 5: Buff-colored, fine-grained sandstone.  
Well cemented.
Bedding is very obvious.  It contains a “wormy” texture.
Could be uppermost part of Middle Deep Springs.
20 m uphill from last outcrop
Bedding oriented 188, 53 W

Attachedness – 3
Lithology – 3
Geometry – 3 (Go to question 4)


Stop 6: Mottled carbonate
Bedding is 197, 40W
Small chert nodules.

I don’t know the stratigraphy well enough.  It is likely Deep Springs Fm (it is not the Reed dolomite), but it doesn’t look like any of the Middle Deep Springs members.  Ah, looking at Bilodeau & Nelson map, they have this outcrop as Upper Deep Springs Fm.  The strike & dip is parallel to all the other bedding measurements today.

Attachedness – 3
Lithology – 2
Geometry – 3 


Stop 7: Reed dolomite
Buff colored
Bedding is 164, 44; 155, 32 (this measurement is better)
Hard to see bedding, but rock cleaves on bedding plane
Good outcrop; this unit outcrops well

Attachedness – 5
Lithology – 3
Geometry – 3 

Stop 8: Carbonate/limestone 
Lower Deep Springs Fm?
Coarse grain sized (up to 3 mm), mottled
Gives way, up section, to an alternation of quartzite and marble

Attachedness – 1
Lithology – 2

Stop 9: Quartzite
I can recognize this unit!  Middle Deep Springs Fm.
In fact, it is only unit in the stratigraphy that I am quite comfortable with.
Whitish color; Good outcrop
Bedding 193, 28W

Attachedness – 4
Lithology – 4
Geometry - 4

Stop 10: Blue-grey marble
Large, rubbly outcrops that extend along strike for ~100 m
Bedding is 191, 26 W
Fine grained matrix, fossiliferous, alternates from blueish grey to buff in color.
There are needles of tremolite/amphibole (or talc replacing tremolite) that are quite common
Based on position and stratigraphic continuity, this is likely the Upper Deep Springs Fm.  It isn’t the Campito Fm (most dark-colored sandstones), which is quite diagnostic.

Attachedness – 3
Lithology – 3
Geometry - 2

Interpretation: For stations 7-10, the data are consistent with the Bilodeau & Nelson map.  The data does not distinguish between the models.  I thought it was worth doing to get familiar with the stratigraphy. (Go to question 5).

Strategy: We will side hill the walk back, to see what we can see.

20 minutes later: This was a bad plan.  Sagebrush makes me sneeze.  A lot.

40 minutes later: Yep, this sure was a bad plan.  

Stop 11: Blue-grey marble
Massive outcrops, fine grained, fossiliferous
Likely Upper Deep Springs
Bedding is 084, 36 S

Most of this mountain has been full of Campito Fm float.  However, locally, there are a lot of marble blocks.

Attachedness – 1
Lithology – 3
Geometry - 1

Stop 12: Campito Fm
Dark Brown to Black quartzite.  Good outcrops.  Obvious bedding dipping west.  
On ridge, in place.  
Bedding is 196, 35 W

Attachedness – 4
Lithology – 4
Geometry – 4

Walking back to car on north nose of ridge.  Not much has changed so far, with constant moderate W dip.  

Stop 13: Campito Fm with granitic sill
Sill = tabular intrusive body parallel to bedding
Bedding is 018, 42 E !! (dipping E?)
The sill varies in thickness from ~1 m to ~1 cm.
[image: ../../../C98B8E69-8654-48FF-8D39-1ECFC2BDDC84.jpeg]
The photos from Stop 13 shows the E-dipping beds of the Campito Formation intruded by granitic sill. 

Attachedness – 5
Lithology – 4
Geometry – 4

Whoa, Nellie!  How can I walk down nose of hill, parallel with the strike of the beds, and then just have the beds change dip direction?  At a minimum, there is a fold.  But, likely something else is going on.

Stop 14: Carbonate!  Marble at this point.
Bedding is 343, 64 E.  Very light colored.
Directly on strike with Campito Fm, which has same bedding orientation as carbonate: There is a problem.
This carbonate must be part of Deep Springs formation, but it is very bleached.  It is hard to tell what part, but the simplest solution would be the Upper Deep Springs.
There is an EW-oriented fault here!
The dip of the fault is hard to determine, but must be steep.
The carbonates are fractured, but not that much for being adjacent to a fault.
[image: ../../../92A93600-E57C-4D1D-8434-1F23B8903645.jpeg]
Figure is from Stop 14 looking S.  The light tan carbonates of the Upper Deep Springs are striking directly into the quartzites of the Campito Fm.  The geologist is standing on the proposed fault.

For bedding
Attachedness – 5
Lithology – 2
Geometry – 4

For fault
Attachedness – 4 (high for a fault)
Geometry – 4
Kinematics – 2
The kinematics must involve a component of dextral shear or N-side down shear (Go to question 6).

Interpretation: I don’t get it.  This fault is obviously there and has to have significant (>5 m minimum slip), but it doesn’t really show up on either geological map.

Stop 15: Sage Hen granite
Just E ( ~10 m) of Station 14, there is clear float and poor outcrop of Sage Hen granite
Attachedness – 1
Lithology – 4

Stop 16: Sage Hen granite
Just NW (~30 m) of Station 14, there is outcrop of Sage Hen granite

Attachedness – 4
Lithology – 5

Interpretation: The ridge of carbonate (Station 14 is on this ridge) is completely surrounded by granite.  That is why the carbonated is so bleached.  This ridge is an exposure of the roof of the Sage Hen pluton.

>>>>Hmmm.  I am still bothered by the difference in dip directions between Station 12 & 13.  I am going to walk back up the hill (ugh) at the end of the day (ugh) to figure it out<<<<<<


Stop 17: Fault
There is a clear area of no rock exposure on this ridge.  The Campito Fm to the N dips to the E and the Campito Fm to the S dips to the W.  These beds are striking into each other.  The fault is approximately EW oriented, similar to the Fault by Station 14.  The dip is also difficult to constrain, but it must be steep.  This fault does not show up on either map.

However, the fold (to the N of the fault) is also real.  The fold is a much bigger deal on the Ernst & Hall map.

For fault
Attachedness – 2
Geometry – 2
Kinematics – 2
The kinematics must involve a component of sinistral shear.  Vertical movement will not solve this problem (if the axial plane is vertical). (Go to question 7).
I am currently bewildered why the two sub-vertical, ~EW oriented faults have opposite senses of shear.  Maybe I am not thinking through these fault geometries correctly. (Go to question 8).

Heading back to camp.


At camp, that night, we discussed the field area and came up with these conclusions:
1. One cannot evaluate a geological map without going to the field. 
2. When we display our data on a map, it obvious how the different interpretations arise.
3. It is unclear is characterizing uncertainty will help with the above problems, but it can’t hurt to try.
4. It is unclear what is the trajectory for teaching professional geologists about developing uncertainty, but it must exist because professional geological mappers understand uncertainty.
5. There are some skills that are needed
a. The cognitive leap from correlation to connection
b. Pattern recognition (from conceptual models of things like a fault)
c. An understanding that all data are not equally important in constraining a model.
d. Etc.
(Go to questions 9 and 10).



Day 2 						August 20, 2019

Basil Tikoff working with Tim Shipley

Objective: Map the northwest side of Sage Hen flat

Approach for the day: We will spend today in the northwest part of the Sage Hen flat pluton contact, where there is serious disagreement between two published geological maps. 
[image: ]


There is a map that highlights the differences between the two maps (above). (Go to question 11).

I will try to make a loop for this day, to save myself from backtracking too much.

Stop 18: Sage Hen granite
Large (> 2 m diameter) boulders.  Nothing definitely in place, but too much and too continuous not to be an outcrop.
I went here to make the connection between yesterday’s work and today’s work.

Attachedness – 1
Lithology – 5

*ugh – dead deer on the way to the next station.  I did not stop at bottom of the hill*

Stop 19: Carbonate
Significantly altered carbonate unit.  Lots of iron (organish brown) staining.  Lots of fractures.  This looks most like what I saw at station 14 yesterday.  I suspect that we must be near or at the contact with the granite and this is all hydrothermal alteration near the contact.  
Bedding 163, 26 W
It is mapped as Lower Deep Springs by Ernst & Hall and Middle Deep Springs by Bilodeau & Nelson.  I can’t distinguish between these options because of the hydrothermal alteration.  

Attachedness – 3
Lithology – 1
Geometry – 2

Does this outcrop make sense?  Does is correlate along strike to stuff from yesterday?
Hmmm.  Having looked at the maps, I realize that Station 18 is not consistent with the Ernst & Hall map.  


Stop 20: Carbonate
Also hydrothermally altered; very similar appearance to Stop 19, but slightly more buff colored.
This seems most similar to the Upper Deep Springs we saw yesterday.
Bedding 144, 20 SW

Attachedness – 4
Lithology – 1
Geometry – 2

Stop 21: Marble
Lower Deep Springs Fm
Very prominent outcrop that extends for 5 m along strike and 3 m across strike.  
Bedding is 140, 43 SW. This is mapped as Lower Deep Springs on both published maps, so I will just assume that is correct.

Attachedness – 5
Lithology – 2
Geometry – 4


Stop 22: Marble
Lower Deep Springs Fm??
Bedding is 154, 37 SW.  
Low outcrop.  Carbonate.  There is a lot of mineralization and evidence for hydrothermal waters.  It doesn’t seem to alter bedding orientation, but mineralogy is highly altered.  Outcrop consistent for 40 m along strike and 15 m across strike.  Very bleached outcrop.  Much more altered than nearby Station 21.
This area is mapped as Lower Deep Springs on the Ernst & Hall map, and as granite on the Bilodeau & Nelson map (not consistent with my observation). (Go to question 12).   

Attachedness – 5
Lithology – 1
Geometry – 3

[bookmark: _GoBack]Lunch time. The bristlecone pine trees are nearby (hello Reed dolomite), so we will eat there.

Geological thought during lunchtime: I haven’t seen any granite this far north – does it really exist here?
Geological thought during lunchtime: What happens to the N end of the reverse fault of Ernst & Hall (where we are sitting)? (Go to question 13).

Stop 23: Granite/Reed dolomite contact
Adit (horizontal entrance to underground cave into side of a hill, associated with mining)
There is an adit nearby (below the lunch area) on the hill.  Walking down to adit, the slope consisted solely of float of the whitish Reed dolomite.  The Adit contains Sage Hen flat pluton.  At the farthest in points, one can make out altered carbonate rocks.  Hence, the miners were working at the contact.  The contact dips steeply to the NW, but I can’t determine orientation exactly.
This is an intrusive contact – there is no evidence for significant fracturing.

Contact:
Attachedness – 4
Lithology – 4
Geometry – 2

[image: ../../../IMG_2692.jpg]
View across valley of Lost Brunton Hill (where stops 22-25 are made) from North.  

Walking across valley

Stop 24: Quartzite
Middle Deep Springs Fm
These are the light-colored quartzites of the Middle Deep Springs Fm.  There is nothing that is obviously in place, but I get the general idea that the beds dip to the W.  The entire ridge (± 10 m) is made of quartzites

Attachedness – 1
Lithology – 4
Geometry – 0

Interpretation: There is a problem here.  The Middle Deep Springs is dipping W, which would be is stratigraphically below the Lower Deeps Springs.  There must be a fault in the valley to the W of me or some weird intrusive relationship.  If a fault, and the stratigraphic is continuous, it must have E-side down motion.  Bilodeau and Nelson do put an E side down fault in here, which also makes sense with the difference between Stop 19 and Stop 20.  However, where does that fault continue?  The Ernst and Hall map is completely different.  Here, they can call on a reverse fault, because they imply that the rocks that I am currently standing on were a block that fell into the granite (stoped block) and then was uplifted by the fault. (Go to question 14).  

Stop 25: Dolomite/Limestone contact
We are right at the contact of a massive, coarse-grained marble (bluish) overlain by a buff-weathering, highly fractured dolomite.
Bedding is 192, 20 W
The dolomite must be the top of the Lower Deep Springs Formation.  The bluish marble is the underlying limestone.  That makes sense with the quartzites, as the lowest part of the Middle Deep Springs formation (thank goodness for those quartzites).  
So, the contact (Lower/Middle Deep Springs) is further downhill, where the first occurrence of quartzites occurs.
[image: ../../../IMG_2694.jpg]
Photo of contact from Stop 25.  Bluish-white marble below.

Attachedness – 5
Lithology – 3
Geometry – 4

Walking over small hill (this is Lost Brunton Hill) to the South, on the way back to the road. 

Stop 26: Lower Deep Springs Formation
Bluish marble on the top of the hill.  Same bluish marble as stop 23.  
Bedding is 165, 24 W

Attachedness – 5
Lithology – 3
Geometry – 2

Walking downs small hill to the South, on the way back to the road: I didn’t think I would need to stop, but I did.

Stop 27: Middle Deep Springs Formation
Quartzites on the S-facing part of the hill.
Bedding is 279, 40 N
(How come you always hit the weird stuff at the end of the day?)
There are lots of block that are surrounded by Sage Hen Granite on this hillslope.  Some of the blocks are large and some are small.  This is certainly near the roof of the pluton and an intrusive contact at this point.

Attachedness – 4
Lithology – 3
Geometry – 3

Go to question 15
NOTES END HERE
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Figure 2. (a) Simplified version of the map created by Bilodeau and Nelson (a) in which the contact with the pluton is intru-

sive (Bilodeau and Nelson 1993). (b) Simplified version of the map created by Ernst and Hall in which the contact is a simple
straight fault rather than an intrusion (Emst and Hall 1987). (c) Composite stratigraphic key to the two maps above.
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