Megarlpples in the Puna of Argentina |52 . esont

-The Argentlne Andes plateau featu res “gravel- megarlpples, Ilkelv an analog for martlan Transverse Aeollan Rldges
: ] i . Y -We recorded the vertical wind prof' le in several locations there to measure the aerodynamic roughness helghts, Z,l
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~ Setting for CPP measurements: On the first.d'av in the field we set up two portable wind towers near the downwind edge of a megaripple field R

- downwind of a 33-cm- hlgh megaripple, part of a-field of meganpples extending hundreds of m upwind, with the ent|re surface covered by dark lithic

“which are that the tower be located where the upwind fetch-is homogeneous in surface roughness elements for >200 m, the tower is downwind >15-__
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-z, will inform gravel megaripple formation & evolution models.
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Introduction: In November of 2018 we collected new wind profile data at several settings within and around fields of megaripples in the Puna high
desert of Argentina (see [1] and Fig. 1 for setting). Here we present initial results obtained on the first day at a location called Campo Piedra Pomez
(CPP). Wind data were also collected at CPP West, Lago Purulla, Purulla, and Incahuasi, and we also provide some initial results from these locations.

immediately west of the eroded ignimbrite that gives CPP its name. ‘Each tower consisted of connected pole segments that gives a tower height of
about 2.8 m, to each of which five data logging anemometers were attached at a logarithmic height spacing (Fig. 2). Tower1 was positioned 22 m

fragments in.the small gravel size range (Fig. 3). Tower 2 was located about 50 m north of Tower 1 where a lithic gravel plaln extended hundreds of m
upwind-(Fig. 4). The tower location and anemometer heights were chosen based on gmdelmes given by Wieringa (1993 2], the most important of

times the height of the major roughness elements, the lowest anemometer is positioned at a height above: the surface atleast 20 times the expected.

_roughness length, and the ent|re region‘is not on a prominent regional slope. Each anemometer recorded wind: speed ata 2 sec |nterval Y Sy

Figure 2. Context for the tower locations at the CPP site, before Figure 3. Vertical view of lithic fragments near crest of hundreds of m upwind of the tower. JRZ, 11/19/18.
- commencement of data logging. Tower 1 (near field} is 2.8 m the megaripple upwmd of Tower 1 (see Fig. 2) JRZ, : e :
tall. Anemometer controllers were mounted on a tripod down- . 11/19/18

~wind of the tower. Tower 2 |s “'50 m awav at rlght IRZ, 11/19{18

' 'CPP wind data: Tower 1 started data Iogging slightly before Tower 2, but the distihctive recorded wind gust patterns allowed us to .correlate 'data from both towers to . __. _ : S

within one 2-sec recordlng interval (Figs. 5 and 6). Here we present results for the first coincident 20 minute time period (600 data polnts} recorded at both towers; data
records extend >40 min beyond this initial period; these data will be addressed in subsequent’ analvses Prev:ous studies-indicated a roughness length of about 1.5 cm for

“the CPP area [3], so the bottom anemometer was mounted 40 ¢cm above the surface Wind data were averaged for. each anemometer over the 20 min perlod in order to

“investigate wmd conditions that ranged between 0and 12'm/s (see Figs. 5 and 6 and Table 1). Tower 2 showed a good progres5|on ‘of wmd»speed with helght but anemometers

- 2 and 3 on Tower 1 were conslstently h|gher than anticipated from winds documented at the other three anemometers; this trend continued through the entlre record from

the CPP site. We were concerned that the two: anemometers may have not been operating correctly, but a controlled comparison conducted after the field work showed that

all anemometers reported consistent wind speeds W|th|n a0:15 m/s standard deviation, which is less than the 0.2 mfs accuracy of the instruments. We determined a best-fit

w8 Iogar;thmlc proflle for the data in Table 1, from which we prolected zero. wmd velocttv at a he|ght of 4.3 cm for Tower 1 (W|th a correlatlon coefﬁclent r of 0.37), interpreted to

be the roughness length, and 1.4 cm he|ght for zero veIocaty for Tower 2 (r =0.89).. Removlng anemometer 2 from the fit for Tower 1 gives a roughness length of 7.69 cm with

- r=0.72, but removing both anemometers 2and 3 from a fit for Tower 1 gives an unrealistic roughness Iength of onl\,r 0.02 cm (r=0.98). Using only the top two anemometers
- at Tower 1 gives a roughness length of 1.0 cm (r = 1. 00}, a value consistent with the roughness length of the gravel plain at Tower 2. Averaging over the entire 1.5 hr recorded

period at the CPP site, the five anemometers of Tower ‘_I glve a roughness Iength (z,) of 3. 3 m (r =0, 49} The megarlpples appear to add several cm to the roughness Iength :

'represented by the gravel partlcles alone at Tower2 TAAS e 0 s 2 NS Aoy _ i e

Inltlal results from four other srtes -One megarrpple location near a western exposure, of CPP |gn|mbr|te bedrock we called CPP West (F|g 1). Towers were set up expectmg
‘normal’ afternoon winds perpend|cular to megarlpple crests. Instead the strongest winds experienced during the 2018 trip blew parallel to the megaripples crests (see
Table 2); zywas 1.4 cm (r=0. 98), identical to the Tower 2 result at CPP. We conclude that this value is a good representation of z, for a gravel lag surface without input from

_ megarlpple bedforms. At Lago Purulla we measured wind perpendlcular to small (<15 cm height) megaripples, resulting in 2,=0.02 cm (r = 0.43); i anemometer 2 isiignored,

z,becomes 0.98 cm (r=0.95).- At Purulla we had multiple issues with the anemometers, but from several minutes of useful data we obtained z, = 1. 4cm (r=0. 60), and'if the

- Iow anemometer 3is |gnored thenzz=1.1 cm (r=0.99). The final proﬁlmg site wasat Incahuas| where we collected the Iongest contmuous record of the trip, totallng 5

“additional possible explanations as we process the rest of the. wind data collected -dunng" Ve

hope that the 5|tuat|on W|II become more clear

529 hr (Fig. 7). This full record g|ves zu =5.3 c¢m (r = 0.91), and skipping low anemometer 3. glves zo = 5 0 cm {r 0 99)

Discussion: Whvr are the recorded wmd spee _ _at CPP h|gh for anemometers 2 and 3 of Tower 17 -GiveRrour post trlp tests we do not thmk thls is: the result of malfunctlomng
‘instruments, unless somehow. the conditions at the Puna aItered ‘only those two mstruments relatlve to themfunctlon under normal condltlons If the instrument accuracy |s

taken as the probable standard deviation, the values from anemometers 2 and 3 are three and five sigma, respectwely, above what would be: expected from the ‘other. three e T
anemometers on Tower 1. Perhaps some form of wave phenomenon cIeveIoped downwind of the megaripple field, ‘somewhat analogous to’ atmospherlc Iee waves downwmd ;

of mountain ranges [4], although it is difficult to extrapolate atmospheric cond|t|on present at' mult| km scale to near- surface condltlons at decameter scale We WI|| explore_

or lower than expected, for anemometers 1 to 3 for observations within other meganpple lo ik _
we think it is prudent to explore possible unexpected wave phenomena downwmd of some long fetches of;large.,meganpples in the Puna. As more data are evaluated we
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Figure 4. Tower 2 during setup, with a flat gravel surface,_fo_r

Figure 1 (left). Screen shot from Google Maps showmg the
- general setting for the wind measurements collected in the
“Punaof Argentina. The five study locations are indicated by. -
the letters C (CPP, 11-19-18), W-(CPP West, 11-20-18), L (Lago
Purulla, 11-21-18), P (Purulla, 11-21-18), and I {Incahuasi, o

located about 2 hours drive north of the study-area.
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_..Figure 5. Tower 1 wmd speed coincident in time with Tower 2 (Fig. 6).
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eSS T " Figu re 6. Tower 2 wind speed coincident in time with Tower 1 (Fig. 5).

Table 1. Average and: ‘standard devlatlon Tab[e 2 Average and standard dewatlon :
for anemometers on two towers at'CPP» -w,c,,,for anemometers at Iocatlons after CPP :

during a concurrent 20 mmut_e interval R : .
(13 58:16 to 14:18: 16) on 11 -19/18 i crp West 11- zo 18 (17:10: 18 t0/17:36: 10)

Towe'r_- 1
Ave
Std Dev- -

Tl

3 He|ght (cm)

Tower 2~

Ave -

__Std Dev -

2.92 298 3oo 304 3.28 -
_"_1 76 1 82 iF 90 2. oo 2 05 Purulla 11- 21 18 (15 45:30 to 15 52: 21)

e Helght (cm) 40 60 90 134 200
40 60 : 134 200 Ave 7.07 7.56 8.11 =M 07 10.38"
: B StdDev. 162 1.86 1. 97 2 10 2“39

3.32 3.96  3.76 4.07  lLago Purulla 11-21-18 (12:23: 46 to 12: 46 00)

+1.79 215 M6432.25 239 Height (cm) 40 60 90 134 200 _
Ciaennd g Saites AR N Aye SR SE 00 7107 7.5678.11.:9.07: 10:38 58
stdDev . 162 1.86 1.97 2.10 2.39 g
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Incahuasu 11 22 18 (11 13 16 to 14 04 18)“' :
_ Helght_.(cm) 80 101 127-160 200
R Ave, . - - 1:32.1.37 1.34 1062 1.73.
R Std Dev

|er|nga J (1993} Boundary Layer Met 63

' -':,.'314 [4] Wurtele M. G_etal 1993) NASA Contractor Report

11-22-18). We were based out of Antofogasta de laSierra, =

084 0.86 0.88 1.03 1.05

et R Helght{cm) 80 101 127 160°200
SRy f_'-:.‘ - Ave. 312322 265364374
S L e Dev 071070068089 095
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