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Field Study of the ‘Red Lady’ Sun Dagger Site in Joshua Tree, California
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Introduction
The Red Lady site (officially known as CA-RIV-902) in Joshua Tree National Park, California, USA (Fig. 1) is located in a shelter created by two boulders leaning on each other in an area dominated by quartz monzonite rock formations (Fig. 2).  On the eastern wall of the shelter there are pictographs, the most prominent of which is a red anthropomorphic figure, the ‘Red Lady’ (Fig. 3).  In the north there is a raised slab of bedrock containing a large mortar and several smaller cupules.  Other elements include an unusually shaped rock and a nearby cross-hatched petroglyph.  
                    [image: ]  
                   Fig. 1.  Location of Red Lady site in California, USA, depicted with use of stellarium-web.org.  24 April 2021.
                          Screenshot:  Kim Corrall.
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Fig. 2.  Overall view of the site CA-RIV-902 with bedrock mortar and pictograph.     Fig. 3.  Close-up of ‘Red Lady’ pictograph.  20 March 2021.
1 May 2021.  Photo:  Jonah Corrall.				         Photo:  Kim Corrall.
The most notable feature of the site is the ‘sun dagger’ which appears near midday on the equinoxes and travels across the ground until it enters the large mortar.  
This field study set out to confirm the equinoctial alignment of the sun dagger and to explore the possible cultural uses of the site.  I will first discuss the term sun dagger and other occurrences of this phenomenon in the American Southwest.  This will be followed by a discussion of the original inhabitants of the Joshua Tree area, in particular the Chemehuevi, with whom the site has been loosely associated.  An introduction to cupules and rock art follows and the section wraps up by exploring the issues around determining the intentionality of sun daggers and the methodological considerations for measuring such sites.  In the second section, there will be a detailed discussion of the methodology I used for measuring and calculating the alignments at the Red Lady site.  The findings will then be presented and analyzed in the light of intentionality and possible cultural meaning.  From my research and field study, several themes emerged:  the intentional creation of the solar equinoctial alignment at this site, the possible association of the site to the Chemehuevi Ancient Telling of the sun twins, along with themes of fertility and spring, and the occurrence of spring and autumn full moon alignments.
Literature Review
I. Sun Dagger Sites
As Ray Williamson described it, 
‘the term “sun dagger” has come to refer to a set of phenomena in which sunlight and stone edges interact in such a way as to cast a deeply defined pattern of light at a calendrically significant time of year across a stone surface that generally contains a pictograph or petroglyph.’[footnoteRef:1] [1:  Ray Williamson, ‘Sun-Dagger Sites’, in Handbook Of Archaeoastronomy And Ethnoastronomy, ed. by Clive Ruggles (New York:  Springer Science+Business Media, 2015), pp. 621-628 (p. 622).] 

There are quite a few sun dagger sites that have been documented, mostly in the American Southwest.  One of the most well-known of these sites is Fajada Butte in Chaco Canyon, New Mexico, which was first noted in modern times by Jay Croty and Ana Sofaer during a rock art survey in the area in 1977, according to J. McKim Malville.[footnoteRef:2]  Before noon on the summer solstice a dagger of light, created by two large slabs of rock, is projected onto a rock wall, where it travels across a pecked spiral petroglyph.  At the time of its rediscovery, the sun dagger passed exactly through the center of the spiral.  Unfortunately, the slabs have shifted over time, possibly due to excessive visitation of the area, and the alignment is no longer exact.[footnoteRef:3]  A 3-D computer model of the site was later developed by Kurt Novak, Kenneth Edmundson, and Phillip Johnson from multiple sets of photographs taken over a period of ten years, in order to recreate the light patterns cast on the petroglyph and understand how the movement of the slabs affected those patterns.[footnoteRef:4] [2:  J. McKim Malville, Prehistoric Astronomy In The Southwest (Boulder:  Johnson Books, 2008), pp. 74-79.]  [3:  Malville, Prehistoric Astronomy, pp. 74-79.]  [4:  Kurt Novak, Kenneth L. Edmundson, and Phillip Johnson, ‘Spatial Reconstruction And Modeling Of The Sun Dagger Site In Chaco Canyon’, Proceedings Of The 17th Congress Of The International Society For Photogrammetry And Remote Sensing, Part 5, (1992), pp 808–812. URL:   <https://www.isprs.org/proceedings/XXIX/congress/part5/808_XXIX-part5.pdf> [accessed 3 April 2021].] 

More recently, a detailed field study of the Picture Rocks site in Arizona, along with an analysis of the intentionality of sun daggers in the American Southwest, was conducted by Bradley Schaeffer and James Stamm.[footnoteRef:5]  As with the sun dagger at Fajada Butte, the Picture Rocks site features a dagger of light created by nearby rock formations, which crosses a spiral petroglyph pecked into a rock surface.  Shaeffer and Stamm examined the various possible alignments and determined that, in contrast to Fajada Butte’s solstitial event, the intended alignment for the dagger at Picture Rocks was equinoctial.[footnoteRef:6] [5:  Bradley E. Shaeffer and James Stamm, ‘A Case Study Of The Picture Rocks Sun Dagger Plus A Review Of The Intentionality Of Sun Daggers’, Journal Of Astronomical History And Heritage, 23:3 (2020), 427-451. URL:  <https://www.researchgate.net/publication/347534961_A_Case_Study_of_the_Picture_Rocks_Sun_Dagger_Plus_a_Review_of_the_Intentionality_of_Sun_Daggers> [accessed 19 April 2021].]  [6:  Shaeffer and Stamm, ‘Picture Rocks Sun Dagger’, pp. 427-451.] 

The earliest documented archaeoastronomical field study of the Red Lady site I examined in California was done by John Rafter in 1995.[footnoteRef:7]  Rafter spent the entire day at the site and, along with the sun dagger, he made observations about other potential alignments, one at sunrise in the landscape and one of a shadow thrown onto the unusually shaped rock in the shelter in the afternoon.  Both of these additional alignments would be difficult to show intentionality for as they are created by landscape features independent of known human intervention.  In his article, Rafter also discussed his work on equinoctial alignments at other sites in the area and made a case for the possible association of the site with the Chemehuevi and their Ancient Telling of the sun twins as documented by Carobeth Laird.[footnoteRef:8] [7:  John Rafter, ‘Sun And The Lone Woman Of The Cave’, Rock Art Papers, 12 (1995), 31-37.]  [8:  Rafter, ‘Sun And The Lone Woman’, pp. 31-37.] 

II. Pre-Colonization Inhabitants of Joshua Tree National Park and Cultural Associations with the Site
The desert landscape where the Red Lady site is located is generally quite arid, with limited amounts of water and animal resources.  As reported by Claude Warren and Joan Schneider, pack rat midden studies have shown that the typical vegetation in the Mojave Desert has not changed over the past 4500 years.[footnoteRef:9]  They also pointed out that, due to the limits on local resources, ‘the late prehistoric population of Joshua Tree was necessarily a mobile one’.[footnoteRef:10] [9:  Claude N. Warren and Joan S. Schneider, ‘Out Where The Living Is Good:  Subsistence Activities On The Landscape Of Joshua Tree National Monument’, Journal Of California And Great Basin Anthropology, 32:1 (2012), 9-26 (p. 9).  Stable URL: <https://www.jstor.org/stable/24644286> [accessed 19 March 2021].]  [10:  Warren and Schneider, ‘Out Where The Living Is Good’, p. 10. ] 

In support of this, the ethnographic overview of the area of Joshua Tree National Park found that four distinct peoples inhabited the park prior to the arrival of white colonizers in 1769 – the Serrano, the Cahuilla, the Mojave and the Chemehuevi.[footnoteRef:11]  As previously mentioned, it was speculated by Rafter and Laird that the Red Lady site may have been associated with the Chemehuevi.[footnoteRef:12]    Although the archaeological survey of the site warned that, ‘observers from outside the cultural universe of the rock-art makers should exercise caution when making interpretations,’[footnoteRef:13] Laird was well-versed in Chemehuevi culture through her work as an ethnographer and close association with her Chemehuevi husband, George Laird.[footnoteRef:14]  [11:  Cultural Systems Research Incorporated, The Native Americans Of Joshua Tree National Park:  An Ethnographic Overview And Assessment Study, (National Park Service, 2002), Section III. URL:  <https://www.nps.gov/parkhistory/online_books/jotr/historyt.htm> [accessed 1 February 2021].]  [12:  Rafter, ‘Sun And The Lone Woman’, pp. 31-37.]  [13:  From archaeological survey information for site CA-RIV-902, selectively shared with the author by Joshua Tree National Park, Office of Cultural Resources via e-mail, 21 April 2021.]  [14:  Carobeth Laird, The Chemehuevis, (Banning:  Malki Museum Press, 1976).] 

The Chemehuevi were nomadic by choice and continued to travel from place to place after they adopted agricultural practices.[footnoteRef:15]  They moved into the Mojave desert about 1500 C.E., but it is unknown at what point they began to inhabit the Joshua Tree area specifically.[footnoteRef:16]  This nomadic lifestyle naturally limited the extent of their material culture, but Laird argued that their ‘nonmaterial culture, that which was carried in the mind and transmitted by word of mouth, was of incalculable richness’.[footnoteRef:17]  From her study of the Chemehuevi language, she found that the sky was conceptualized as a solid roof on which the heavenly bodies sat or traveled westwards.  In addition, the names for the sun, the moon and the constellations were animate in form.  Indeed, with the time spent outdoors, Laird speculated that ‘there must have been a time when the face of the sky was as familiar to the Chemehuevis as the face of their beloved desert.’[footnoteRef:18]  [15:  Laird, The Chemehuevis, p. 4.]  [16:  CSRI, The Native Americans of JTNP, Section V.]  [17:  Laird, The Chemehuevis, p. 5.  ]  [18:  Laird, The Chemehuevis, p. 89.] 

The Chemehuevi Ancient Telling of the sun twins previously mentioned begins by relating,
‘A woman was living alone at Mama’utɨngkan’ni “Woman Cave.”  Each morning when she had gone to the top of the mountain to urinate, she would sit down facing the emerging Sun.  This she did every morning.  Then one morning the Sun stuck his whiskers into the woman’s vagina.  After the Sun had done that, she went no more to that place.  After a while, her belly was getting big; then after a while she gave birth to twins.’[footnoteRef:19] [19:  Carobeth Laird, Mirror And Pattern:  George Laird’s World Of Chemehuevi Mythology, (Banning:  Malki Museum Press, 1984), p. 204.] 

In Laird’s correspondence with Rafter, she expressed that she felt that the woman described in this telling was the personification of Earth and the cave represented her vagina, possibly receiving the sun’s rays on the first day of spring.[footnoteRef:20]  Although the Chemehuevi apparently did not have a word for ‘equinox’, they did have a word for ‘the beginning of spring’, which also began their year, making it an especially important time.  Certain men of the tribe were tasked with determining the timing of this event by observing the stars and constellations naked in the pre-dawn as a rite of spring.[footnoteRef:21] [20:  Rafter, ‘Sun And The Lone Woman’, p.31.]  [21:  Laird, The Chemehuevis, pp. 93-94.] 

III. [bookmark: _Hlk71396656]Cupules and Rock Art
 One of the unique features of the Red Lady site is the deep mortar into which the sun pours, and the other cupules located on that same rock and on nearby rocks.  Cupules, small round indentations pounded into rock surfaces, are found throughout California and the world, and can be associated with various periods of history.  As Gerald Smith and Michael Lerch pointed out, ‘one of the most common references on the function of cupules worldwide is that they are connected in some way with female fertility.’[footnoteRef:22]  Amy Gilreath described how, in the San Francisco Bay area in northern California, there are ‘baby rocks’, which are rocks covered with multiple cupules, that have been associated with the Pomo people.  Ethnographic information connects the ‘baby rocks’ with fertility rituals.[footnoteRef:23]  In addition to fertility and milling, cupules have also been ethnographically connected to a means to contact the sacred and the supernatural, as reported by Susan Hector[footnoteRef:24] or with ceremonial activity ‘concerned with tapping the power inherent in the earth or the cosmos.’[footnoteRef:25] [22:  Gerald A. Smith and Michael K. Lerch, ‘Cupule Petroglyphs In Southern California’, San Bernadino County Museum Association Quarterly, 32:1 (1984), 1-17 (p. 5).]  [23:  Amy J. Gilreath, ‘Rock Art In The Golden State: Pictographs and Petroglyphs, Portable And Panoramic’, in California Prehistory:  Colonization, Culture And Complexity, ed. by Terry L. Jones and Kathryn A. Klar (Lantham:  Rowman and Littlefield Publishers, Inc., 2007), pp. 273-290 (p. 282).]  [24:  Susan M. Hector, ‘Cupule Petroglyphs As Elements Of The Cultural Landscape’, Journal Of Great Basin Anthropology, 29:1 (2009) pp. 68-76 (p. 70). Stable URL:  <https://www.jstor.org/stable/27825903> [accessed 24 April 2021].]  [25:  Smith and Lerch, ‘Cupule Petroglyphs’, p. 5.] 

In Southern California, it is common for cupules to occur together with mortars, and they can also be found with rock art, often at sites with late prehistoric artifacts.[footnoteRef:26]  The Red Lady site features all of these – the large mortar, the many cupules, and a pictograph featuring an anthropomorphic figure of a woman.  The site also contains rich midden deposits with arrow points produced after 1300 C.E. and ceramics ranging from 1000 to 1900 C.E..[footnoteRef:27]  It is certainly possible that the pictograph is younger than the bedrock mortar, as the quartz monzonite on which it was painted is course and crumbly and would be subject to natural erosion over time.  Indeed, Gilreath placed most of the pictographs in California at less than 1000 years old for that reason.[footnoteRef:28]  In this case, it is possible that several tribes used the site over a long period of time, which may have given it multiple cultural overlays. [26:  Hector, ‘Cupule Petroglyphs’, p. 71.]  [27:  Archaeological survey information from JTNP.]  [28:  Gilreath, ‘Rock Art In The Golden State’, p. 278.] 

IV. [bookmark: _Hlk71397928]Determining Intentionality
There has been much discussion over the intentionality of sun dagger sites in general and equinoctial alignments in particular.  Clive Ruggles is of the opinion that it is unlikely that prehistoric peoples attached any importance at all to our concept of the equinox.[footnoteRef:29]  In a review of the proposed equinoctial alignments in the California desert, Don Laylander argued that there is not enough evidence to support the idea that any of them were intended as equinox markers, although it does not appear that he visited any of the sites in question himself.[footnoteRef:30]   [29:  Clive Ruggles, ‘Whose Equinox?’, Archaeoastronomy, 22 (1997), pp.45-50.  DOI: <https://doi.org/10.1558/jsa.33312> [accessed 19 March 2021].]  [30:  Don Laylander, ‘Prehistoric Equinox Markers Of The California Desert…A Null Set?’, Kelso Conference, (2007). <https://www.academia.edu/27658012/Prehistoric_Equinox_Markers_of_the_California_Deserts_a_Null_Set> [accessed 5 February 2021].] 

In contrast, Schneider and Stamm extensively cited two statistical studies of sun dagger sites in the American Southwest by Preston and Preston (2005) and by Fountain (2005), which found that the occurrences for both solstitial and equinoctial occurrences were far more frequent than random chance would allow.  Between the two studies they cited, they found that equinoctial alignments occurred between 11 and 40% of the time.[footnoteRef:31]  As a result of their review of intentionality, they proposed that the requirements for a sun dagger are twofold:  occurring at solar declinations of +/-23.4° or 0° (within 2°) and a having wedge-shape with an angle of ≤40°, where the tip touches the center of the rock art.  They further concluded that, though circles and spiral are most common, other symbols were also used, and that the time of day of the alignment is irrelevant.[footnoteRef:32]  [31:  Shaeffer and Stamm, ‘Picture Rocks Sun Dagger’, p. 441.]  [32:  Shaeffer and Stamm, ‘Picture Rocks Sun Dagger’, p. 446.] 

V. Methodological Considerations
As Stephen McCluskey explained, ‘determining whether light-and-shadow interaction… intentionally reflect a culture’s astronomical or calendrical concerns remains one of the most technically difficult objects of archaeoastronomical investigation.’[footnoteRef:33]  Indeed, in some cases it is difficult, if not impossible to measure and record all the surfaces necessary to determine the mechanism of the sun dagger.  McCluskey recommended taking a dual approach by both recording the details of the receiving surface and structure creating the dagger and noting the time and date of the occurrences to determine the position of the sun at those times.[footnoteRef:34] [33:  Stephen C. McCluskey, ‘Analyzing Light-And-Shadow Interactions’, in Handbook Of Archaeoastronomy And Ethnoastronomy, ed. by Clive Ruggles (New York:  Springer Science+Business Media, 2015), pp. 427-444 (p. 427).]  [34:  McCluskey, ‘Analyzing Light-And-Shadow’, pp. 440-441.] 

Methodology
Multi-edged light projection sites, such as those that create the sun dagger at the Red Lady site or Fajada Butte, can be quite difficult to measure.  Often, multiple in-person observations of the interactions of the sun with the site are needed to accurately describe the phenomenon.  In the case of Fajada Butte, where the alignment is no longer exact, a computer model had to be created to reconstruct the previous alignment and its effects.[footnoteRef:35]  For the purposes of this field study, the Red Lady site was observed near midday on the Spring Equinox on 20 March 2021 and again near midday one week later, on 27 March 2021.  Time-stamped photographs of the sun dagger progressions were taken to document the events and, also, to provide data to be used in Stellarium[footnoteRef:36] to calculate the sun’s position, as per McCluskey’s recommendations.[footnoteRef:37]  Some initial site measurements were taken during the March 27th visit, including the GPS location of the mortar, which was recorded using a Garmin Etrex22x handheld GPS device.  The site location was averaged from several GPS readings over the course of the day. [35:  Novak, ‘Spatial Reconstruction’, pp.808-812.]  [36:  Fabien Chereau and Guillaume Chereau, Stellarium Web Online Star Map (2021), <https://stellarium-web.org> [accessed April 2021].]  [37:  McCluskey, ‘Analyzing Light-And-Shadow’, p. 427.] 

Detailed site measurements were taken on 1 May 2021 by Kim Corrall and assistant, Jonah Corrall.  The equipment consisted of a Suunto KB-14 compass/PM-5 clinometer, a Garmin Etrex 22x handheld GPS device, a 16-foot surveying rod, a tripod, a level, and a tape measure.  First, the averaged GPS location of the mortar was verified. (Fig. 4).  The surveying rod was then positioned at the beginning of the opening between the boulders that creates the sun dagger and leveled vertically.  This provided the height of the opening, as well as the sighting line.  The azimuth of the rock opening, in this case the compass orientation as measured from the bedrock mortar, was read by attaching the compass to the tripod and positioning it exactly over the hole with the use of a plumb line.  The compass was then sighted on the surveying rod to measure the azimuth (Fig. 5).  The reverse azimuth, as recommended by Ruggles[footnoteRef:38], could not be measured due to the height of the boulders creating the opening and a prohibition on climbing on the rocks in this protected area.  The compass reading was adjusted for True North using the online tool provided by the National Centers for Environmental Information[footnoteRef:39] to correct for magnetic declination, the difference between Magnetic North and True North, as recommended by Frank Prendergast.[footnoteRef:40] [38:  Clive Ruggles, Ancient Astronomy (Santa Barbara:  ABC-CLIO, 2005), p. 113.]  [39:  National Centers for Environmental Information, Magnetic Field Calculators (2021) <https://www.ngdc.noaa.gov/geomag/calculators/magcalc.shtml#declination> [accessed April 2021].]  [40:  Frank Prendergast, ‘Techniques of Field Survey’, in Handbook Of Archaeoastronomy And Ethnoastronomy, ed. by Clive Ruggles (New York:  Springer Science+Business Media, 2015), pp. 389-409 (p. 392).] 

[image: ]  [image: ]
Fig. 4.  Verifying GPS location of mortar bedrock.  1 May 2021.  	      Fig. 5.  Taking compass reading from mortar to crack between boulders.  
Photo:  Jonah Corrall.		           	       		      1 May 2021.  Photo:  Jonah Corrall.
The altitude was measured by running a taut string from the top of the surveying rod to the center of the mortar.  The clinometer on the tripod was aligned with the string and the altitude was then read (Fig. 6).  A measuring tape was used to measure the distance from the mortar to the surveying rod.  Having the height and width of the triangle allowed the angles to be calculated and the altitude verified.  
[image: ]  
Fig. 6.  Setting up to measure altitude from mortar to crack between boulders.  1 May 2021.  Photo:  Kim Corrall.		                  
A more freeform attempt at measuring the angle up to the eastern obstructing boulder, which is the height the sun would have to attain before shining through the opening, was made without success, as it was not possible to sight the top edge of the boulder from the bedrock mortar through the narrow opening between the boulders.  
Due to the difficulty in measuring the altitude on site, the time and date stamps from the photos taken of the sun dagger event on 20 March 2021 and the recorded GPS location of the site were used to determine the azimuth and altitude of the sun in Stellarium.  The azimuth and altitude were then entered into the spreadsheet provided in the course materials to calculate the sun’s declination, or location in the sky from this GPS heading, at the time of the event.  By entering the time and date of the second sun dagger observation on 27 March 2021, the sun’s declination for that event was also determined.  These two declinations and the total measured displacement in centimeters from March 20th to March 27th were used to calculate the change in declination per cm displacement of the sun dagger.  Based on these calculations, the daily movement of the sun dagger relative to the mortar and the window of their exact alignment were projected.  In the same manner, the declinations of the spring and autumn full moons for 2021 were reviewed to determine the timing of possible moon daggers.
Discussion/Analysis of Data
I. Equinoctial Alignment of the Sun Dagger and Intentionality
The observation of the sun dagger phenomenon on the Spring Equinox confirmed that the mortar is indeed aligned with the sun dagger just after solar noon on that day.  The dagger of light, projected through the narrow opening between the two boulders that create the shelter, appeared at 13:08 (solar noon was at 12:56) and slowly began moving across the sand towards the bedrock (Fig. 7).  As it progressed along the rock itself, it began to enter the large mortar and continued until light appeared to pour into the hole, filling it completely (Figs. 8-10).  After this phenomenon, the light dagger continued to travel forwards, eventually emerging again from the other side of the hole at about 13:17.
[image: ]
Fig.7.  Sun Dagger 1.  20 March 2021, 13:09 PDT.  Photo:  Kim Corrall.
[image: ]
Fig. 8.  Sun Dagger 2.  20 March 2021, 13:11 PDT.  Photo:  Kim Corrall.
[image: ]
Fig. 9.  Sun Dagger 3. 20 March 2021, 13:14 PDT.  Photo:  Kim Corrall.
[image: ]
Fig. 10.  Sun Dagger 4. 20 March 2021, 13:16 PDT.  Photo:  Kim Corrall.
Laylander, in his review of the desert equinoctial alignments suggested that the placement of the bedrock may have been a fortuitous coincidence.[footnoteRef:41]  The exact depth of the bedrock into which the mortar was carved is not known, as the archaeological survey of the site did not attempt to measure this.  The mortar itself, however, was measured to be 19cm in diameter by 26cm deep (Fig. 11).[footnoteRef:42]  Regardless of how the bedrock came to be where it is, the placement and size of the mortar itself cannot be viewed as serendipitous.  For one, the mortar is many times wider and deeper than any other cupule on this rock (which range in size from 1cm wide by 1cm deep to 8cm wide by 4cm deep)[footnoteRef:43] or on any of the other rocks in the nearby vicinity (Fig. 12).  Another nearby site that features a food storage alcove also contains a mortar, but its depth is only about 4cm (Fig. 13).  Indeed, the mortar at the Red Lady site appears to have been crafted to capture the full width and depth of the sun dagger and create the extraordinary effect of light pouring into the hole.  Given the amount of work and time it must have taken to create a mortar of this depth and exact placement in a piece of bedrock, it is difficult to reasonably refute the intentionality of this action.  As Ruggles points out, ‘alignments of landscape features upon prominent celestial bodies – coincidences of nature from a Western perspective – could well have helped mark out a place as special or sacred.’[footnoteRef:44]  It is entirely plausible that the site was chosen to house the pictographs because of the unusual equinoctial sun dagger alignment with the bedrock and that the mortar was created to give it full expression. [41:  Laylander, ‘Prehistoric Equinox Markers’, p. 7.]  [42:  Archaeological survey information from JTNP.]  [43:  Archaeological survey information from JTNP.]  [44:  Clive Ruggles, ‘Best Practices For Evaluating The Astronomical Significance of Archaeological Sites’, in Handbook Of Archaeoastronomy And Ethnoastronomy, ed. by Clive Ruggles (New York:  Springer Science+Business Media, 2015), pp. 373-388 (p. 384).] 

[image: ]  [image: ]  [image: ]
Fig. 12.  Rock on west side of shelter with 	      Fig. 11.  Bedrock feature with sun dagger mortar   Fig. 13.  Mortar at nearby food storage and 
several shallow cupules.  1 May 2021.	      and many smaller cupules.  7 February 2021.          processing site.  1 May 2021.  Photo:  Kim
Photo:  Kim Corrall.			      Photo:  Kim Corrall.		                 Corrall.


Further supporting this claim of intentionality is the very brief window of time around the equinoxes when this alignment would appear to occur.   Only seven days later, on 27 March 2021, the sun dagger failed to align with the mortar and was displaced by 10.5cm to one side from the center of the hole (Fig 14).

[image: ]
Fig. 14.  Sun Dagger: one week after Equinox.  27 March 2021, 13:07 PDT.  Photo:  Kim Corrall.
By entering the exact GPS location and time and date of the sun dagger alignment into Stellarium, it was possible to determine the sun’s azimuth and altitude at the time of the event (Fig. 15).   The calculated azimuth was in line with that measured on site of 189.86°.  The calculated altitude was higher than that measured on site, of 40.3°, due to the obstructing factor of the eastern boulder, which must be crested before the sun can shine into the opening between the boulders.

[image: ]
[bookmark: _Hlk70861142]Fig. 15.  Sun’s azimuth and altitude at time of full sun dagger alignment with center of mortar on 20 March 2021, determined with use of
 stellarium-web.org.  24 April 2021.  Screenshot:  Kim Corrall.
The figures from Stellarium were then entered into the conversion spreadsheet provided in the course materials to calculate the sun’s declination of 0.18 at 13:14 on 20 March 2021.  The same process was followed to calculate a declination of 2.93 when the sun dagger was on a level with the mortar, but displaced by 10.5cm, on 27 March 2021 (Fig 16).

[image: ]
[bookmark: _Hlk70873194][bookmark: _Hlk71486669]Fig. 16.  Sun’s azimuth and altitude at time of displaced sun dagger alignment with center of mortar on 27 March 2021, determined with use of stellarium-web.org.  24 April 2021.  Screenshot:  Kim Corrall.

Using the two calculated declinations, the movement of the sun dagger in the week before and the week after the Spring Equinox was projected.  The appearance of the sun dagger in the week before the Spring Equinox would have to be verified on site, as it is possible that the sun may not yet be high enough in the sky to crest the eastern boulder and create the necessary alignment.  The same would hold true for the week after the Autumn Equinox.  Based on these projections, it appears that the sun dagger alignment only occurs on the equinoxes and possibly for one day to either side of each equinox before it begins to spill outside of the mortar (Fig. 17).
[image: ]
Fig. 17.  Projected movement of sun dagger in the weeks preceding and following Spring Equinox, 2021.  Diagram:  Kim Corrall.
As indicated by the projected movement of 1cm per 0.2619 change in declination, the best range for a full alignment of the sun dagger would be from -0.08 to 0.44.  The next close alignment will fall on 21 September 2021 at 13:01, with a declination of 0.38 as per Stellarium calculations (Fig. 18).  Based on my physical observations of the sunlight phenomenon at the Red Lady site and the exact placement of the mortar, as evidenced by the calculations above, I must conclude that the mortar was intentionally created to capture the sun dagger on one or both equinoxes.

[image: ]
Fig. 18.  Sun’s azimuth and altitude on 21 September 2021, creating a sun dagger alignment close to center of mortar, determined with use of stellarium-web.org.  24 April 2021.  Screenshot:  Kim Corrall.

II. Associations with Themes of Spring, Fertility, and the Ancient Telling of the Sun Twins
Although the solar alignment occurs during both the Spring and the Autumn Equinoxes, it appears more likely that the site was oriented to the Spring Equinox.  One consideration is that the nomadic nature of Joshua Tree’s inhabitants could have meant that they were not present at the site at both equinoxes.  Based on the possible connection to the Ancient Telling of the sun twins related above and the discussions between Carobeth Laird and John Rafter on the symbolism of the Red Lady and the union of Earth and Sun,[footnoteRef:45] there may be themes of fertility and a marking of the start of spring related not only to this site, but also to another nearby site in Joshua Tree National Park and to the Womb Rock site, which is discussed at length by Laird.[footnoteRef:46]  It is also possible that the smaller cupules on the bedrock that contains the sun dagger mortar were created as part of a fertility ritual, much like similar cupules found in northern California on ‘baby rocks’.  There is, however, no ethnographic evidence that the cupules would have had the same ritual use at opposite ends of the state.   [45:  Rafter, ‘Sun And The Lone Woman’, p. 31. ]  [46:  Laird, ‘Mirror And Pattern’, Chapter 22.] 

Schaeffer and Stamm postulated that it is more probable that sun dagger sites were used to celebrate the solstices and equinoxes rather than to measure them, as the peoples of the American Southwest had other, more exact ways of determining the timing of such events.[footnoteRef:47]  This is evident in Laird’s description of the spring constellation observations by the Chemehuevi.[footnoteRef:48]  Due to the lack of documented ethnographic evidence, it is difficult to come to any concrete determination on the cultural or ritual use of the Red Lady site, although the intentional creation of the mortar aligned to the equinoctial sun dagger and the addition of the red lady pictograph clearly lead to the conclusion that it was an important site to those who frequented it. [47:  Schaeffer and Stamm, ‘Case Study of Picture Rocks’, pp. 446-449.]  [48:  Laird, The Chemehuevis, pp. 93-94.] 

III. Spring and Autumn Occurrences of Moon Daggers
A further interesting consideration is the occurrence of moon daggers and whether or not these played a role in the cultural use of the site.  According to the calculations of Fabio Silva, the moon will reach a declination of 0.18 during a spring full moon 95.4% of the time (Fig. 19).[footnoteRef:49]  [49:  Fabio Silva, ‘Reference Tables For Skyscape Archaeology’, (2019), provided as part of course materials.] 

[image: ]
Fig. 19.  Illustration of occurrences of spring full moon declinations of 0.18.  Interactive declination graph created by Fabio Silva and provided as part of course materials.  24 April 2021.  Screenshot:  Kim Corrall.
In the spring of 2021, this alignment happened on April 24th at 23:34 (Fig. 20).  A similar moon alignment will take place on 19 October 2021 at 1:46.
[image: ]
Fig. 20.  Azimuth and altitude of spring full moon, creating a moon dagger alignment at the site, determined with use of stellarium-web.org.  24 April 2021.  Screenshot:  Kim Corrall.
It is certainly more difficult to conjecture intentionality for the moon alignments, as the dates for such alignments change each year and in some years they do not happen at all.  In contrast to the common occurrence of a Spring Full Moon dagger, an alignment during an Autumn Full Moon only occurs 68.2% of the time.[footnoteRef:50]  Even if the mortar was primarily created to align with the sun, it is certainly possible that the people who created it and inhabited the site were aware of the moon daggers as well.  The archaeological survey found a midden that showed evidence of a fire site.[footnoteRef:51]  Daytime temperatures in the desert around the equinoxes are generally warm and mild, so fire remains could indicate early morning or nighttime use, which may or may not have been related to any ritual use of the site.  However, without direct confirmation from the local Tribes, whose ancestors occupied the site, or any obvious ethnographic evidence, there is no way to conclude any relation of the site to the moon beyond speculation. [50:  Silva, ‘Reference Tables’.]  [51:  Archaeological survey information from JTNP.] 

Conclusion
In reviewing the data and researching the possible background of the Red Lady site, several themes emerged.  It is clear from the exact alignment and the narrow window of occurrence that the creation of the mortar to capture the sun dagger on one or both equinoxes was intentional.  This is supported by the large-scale studies of equinoctial alignments in the desert Southwest showing spikes in occurrences around both the solstices and the equinoxes.  While it can be shown from the measurements that lunar daggers will also occur and it is probable that they would be clearly visible, there is no compelling ethnological evidence that these daggers were also recognized and celebrated.  It is likely that the site was used by several of the tribes that inhabited the area in nomadic fashion over a long period of time, which may have created multiple cultural overlays.  The potential that the site was used at some point by the Chemehuevi and related to the Ancient Telling of the sun twins is there, but without verification from the Chemehuevi themselves, it is impossible to say for sure if their ancestors created the mortar or the pictographs and what type of ritual celebrations may have been carried out in association with the sun dagger.  
Future collaboration with the local descendants of the original inhabitants may shed light on this if further study of the astronomical knowledge and practices of the Chemehuevi can be made respectfully and without endangering the sanctity of this and other sites scattered throughout the park.  Until then, we are left with the knowledge that the Red Lady site was certainly important and likely played a role in celebrating the union of Earth and Sun and the fertility of the emerging spring.  Whether or not its original usage comes to light, the sun dagger remains a magical occurrence that inspires a deep sense of awe.  May we be able to follow Laird’s description of the Chemehuevi approach to the world by celebrating the wonder of this phenomenon, ‘not by attempting to strip away the magic, but by entering into it.’[footnoteRef:52] [52:  Laird, Mirror And Pattern, p. 14.] 
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