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July 13, 2023 
 
Deb Haaland, Secretary 
Department of the Interior 
1849 C Street, N.W. 
Washington, D.C. 20240 
exsec@ios.doi.gov  
 
Martha Williams, Director 
U.S. Fish and Wildlife Service  
Department of the Interior 
1849 C Street, N.W. 
Washington, D.C. 20240  
martha_williams@fws.gov 
 
Randy Moore, Chief 
U.S. Forest Service 
1400 Independence Ave., SW 
Washington, D.C. 20250 
randy.moore@usda.gov 
 
BY EMAIL AND CERTIFIED U.S. MAIL 
 

Re: Sixty-Day Notice of Intent to Sue to Remedy Violations of the Endangered 
Species Act 

 
Dear Secretary Haaland, Director Williams, and Chief Moore: 
 

On behalf of Patagonia Area Resource Alliance, Arizona Mining Reform Coalition, 
Borderlands Restoration Network, Center for Biological Diversity, Earthworks, Friends of Santa 
Cruz River, Friends of Sonoita Creek, Save the Scenic Santa Ritas, and Tucson Audubon 
Society, we hereby provide notice in accordance with the citizen suit provision of the 
Endangered Species Act (“ESA”), 16 U.S.C. § 1540(g), that the United States Fish and Wildlife 
Service (“FWS”) is in violation of the ESA, 16 U.S.C. § 1536, and its implementing regulations, 
50 C.F.R. § 402 et seq., with regard to FWS’s December 1, 2022, Biological Opinion (“BiOp”) 
determining that the Sunnyside exploratory mineral drilling project (“Sunnyside Project”) is not 
likely to jeopardize the continued existence of ESA-listed species. Further, the United States 
Forest Service (“USFS”) is in violation of the ESA, 16 U.S.C. § 1536, and its implementing 
regulations, 50 C.F.R. § 402 et seq., by unlawfully relying on FWS’s flawed BiOp to fulfill 
USFS’s own ESA obligations. USFS additionally violated the ESA with regard to USFS’s May 
10, 2022, Biological Assessment (“BA”) determining that the Flux Canyon exploratory mineral 
drilling project (“Flux Canyon Project”) will have no effect, or would be unlikely to adversely 
affect, ESA-listed species. Finally, FWS again violated the ESA by concurring in certain of 
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USFS’s effect determinations by a letter signed on September 23, 2022. These violations are 
detailed in the discussion that follows. 

 
In June 2023, USFS authorized the Sunnyside Project, a seven-year program of 

exploratory drilling that Arizona Standard, LLC has proposed in southeast Arizona’s Patagonia 
Mountains, one of the most biologically diverse mountain ranges in the United States. Just days 
earlier, in May 2023, USFS separately authorized the Flux Canyon Project, another drilling plan 
that South32 Hermosa Inc. also known as Arizona Minerals Inc.  has proposed nearby in the 
same mountain range. Both projects would involve the development of new roads and drill pads 
in the Coronado National Forest, with industrial machinery to run 24 hours a day, 7 days a week. 

 
The Patagonia Mountains are a region of extraordinary biodiversity, with many ESA-

listed species relying on the mountains’ rugged and isolated terrain, including the Mexican 
spotted owl, Western yellow-billed cuckoo, jaguar, and ocelot. Cumulatively, the Sunnyside and 
Flux Canyon projects would disrupt the project areas and surrounding lands with a constant 
disruption of noise, lights, dust, human activity, and vehicle traffic. These impacts threaten to 
drive Mexican spotted owls and Western yellow-billed cuckoos from established breeding and 
foraging territories, and to disrupt the ability of jaguars and ocelots to occupy the area or utilize 
its habitat to successfully move from Mexico into their historical range in the United States. 

 
Nonetheless, FWS concluded that the Sunnyside Project is “not likely to jeopardize the 

continued existence” and is not likely to “destroy or adversely modify critical habitat” of the 
Mexican spotted owl, yellow-billed cuckoo, jaguar, or ocelot, despite acknowledging that the 
Project would result in “take” of these species (i.e., harassment, harm, etc.). FWS exempted 
USFS’s approval of the Project from the ESA’s take prohibition for these species, and in the case 
of Mexican spotted owls did so without providing any terms or conditions or reasonable and 
prudent measures to minimize or mitigate the Project’s impact. See U.S. Fish & Wildlife Serv., 
Biological Opinion (Dec. 1, 2022) (“Sunnyside BiOp”).  

 
USFS relied on FWS’s action to fulfill its own ESA obligations regarding the Sunnyside 

Project. See U.S. Forest Serv., Decision Notice and Finding of No Significant Impact for the 
Sunnyside Exploration Drilling Project 8, 19–20 (June 16, 2023).  

 
Regarding the Flux Canyon Project, USFS determined that Project operations would have 

“no effect” on the Western yellow-billed cuckoo or Mexican spotted owl and therefore evaded 
further ESA analysis of that Project’s impacts on those species. U.S. Forest Serv., Flux Canyon 
Exploration Drilling Project Plan of Operations: Biological Assessment and Evaluation 33 (May 
10, 2022) (“Flux Canyon BA”). USFS further determined that the Flux Canyon Project may 
effect, but is not likely to adversely affect, the jaguar or ocelot. Id. at 36-37. FWS concurred in 
these jaguar and ocelot determinations. See Letter from Julie McIntyre, U.S. Dep’t of Interior, to 
Kerwin Dewberry, Forest Supervisor, Coronado Nat’l Forest, Proposed Flux Canyon Exploration 
Drilling Project, Sept. 23, 2022, at 1 (“Flux Canyon Concurrence”). 

 
As this letter and its attachments show, in reaching and relying on these conclusions, both 

agencies acted arbitrarily, misread or ignored applicable scientific and commercial information, 
and overlooked significant risks to the ESA-listed species of the Patagonia Mountains. 
Accordingly, pursuant to the citizen suit provision of the ESA, 16 U.S.C. § 1540(g)(2), this letter 
provides you notice that, unless within 60 days of receipt of this letter FWS withdraws its 
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Sunnyside BiOp and Flux Canyon Concurrence, and USFS withdraws its authorizations for the 
Sunnyside and Flux Canyon Projects, we intend to challenge these agency actions under the ESA 
in federal district court. 

 
I. FWS and USFS Failed to Use Best Available Science and Arbitrarily 

Minimized the Sunnyside Project’s Threat of Injury to Mexican Spotted 
Owls 

 
First, FWS failed to utilize the best available scientific information in addressing the 

Sunnyside Project’s threat of injury to Mexican spotted owls. As a result, FWS arbitrarily 
minimized the Project’s impact to Mexican spotted owls and issued irrational and unlawful no-
jeopardy and no-adverse-modification conclusions for this species. And USFS acted arbitrarily in 
relying on FWS’s flawed BiOp. 

 
Under section 7(a)(2) of the ESA, FWS and USFS must “insure that any action 

authorized . . . by [USFS] is not likely to jeopardize the continued existence of any endangered 
species or threatened species . . . .” 16 U.S.C. § 1536(a)(2). In fulfilling the requirements of 
section 7(a)(2), FWS and USFS must “use the best scientific and commercial data available.” Id. 
This requirement “prohibits an agency from disregarding available scientific evidence that is in 
some way better than the evidence it relies on.” Kern Cty. Farm Bureau v. Allen, 450 F.3d 1072, 
1080 (9th Cir. 2006) (alterations omitted) (quoting Sw. Ctr. For Biological Diversity v. Babbitt, 
215 F.3d 58, 60 (D.C. Cir. 2000)). 

 
In its BiOp, FWS dismissed the potential for the chronic noise of the Sunnyside Project to 

injure Mexican spotted owls. In reaching this conclusion, FWS misread the study on which it 
relied and wholly ignored several other contrary studies. Specifically, FWS’s BiOp concluded 
that noise levels from the Sunnyside Project would “attenuate below the threshold for injury of 
owls”—which it identified as 92 dBA (weighted decibels)—“at approximately 100 feet from any 
drill area or area of heavy equipment use.” Sunnyside BiOp at 35. FWS further concluded that 
“[o]wls experiencing short-term harm” from Project operations “may fail to successfully rear 
young or may depart in one or more breeding seasons, but will not likely permanently desert the 
area because of the disturbance.” Id. at 40. In reaching both of these conclusions, FWS relied 
exclusively on one scientific study: David K. Delaney et al., Effects of Helicopter Noise on 
Mexican Spotted Owls, 63 J. WILDLIFE MGMT. 60 (1999) (“Delaney (1999)”) (Ex. 1). Yet, on its 
face, the Delaney study supported neither of these conclusions.  

 
At the outset, Delaney (1999) identified the 92 dBA noise level cited by FWS only as the 

threshold for Mexican spotted owls to flush and fly away in response to helicopter disturbance, 
see Delaney (1999) at 68, not as an all-encompassing “threshold level for injury of owls,” as the 
BiOp claimed. BiOp at 35. In fact, Delaney (1999) identified a much lower noise threshold—46 
dBA—for the owls’ flushing response to chain saw disturbance, which it deemed to validate “the 
already established pattern that ground-based activities are typically more disturbing to raptors 
than aerial activities.” Id. at 68, 74. FWS in the BiOp did not explain why it determined the 
Sunnyside Project’s threshold noise level for any injury to owls based on Delaney (1999)’s 
higher threshold for aerial helicopter disturbance rather than its lower threshold for ground-based 
chain saw disturbance, given that Sunnyside Project impacts will result from ground-based 
construction and drilling activities.  
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More fundamentally, Delaney (1999) documented Mexican spotted owls’ reactions only 
to intermittent bursts of less than ten minutes of helicopter disturbance and five minutes of 
chainsaw disturbance per day—not any kind of long-term disturbance and certainly not the 
round-the-clock, chronic noise disturbance for up to seven years that the Sunnyside Project 
threatens. Delaney (1999) at 65. Further, it focused on measuring specific owl responses to these 
short-term disturbances, including flushing and alert behavior, and offered no evidence about 
whether owls were likely to “permanently desert the area because of the disturbance,” as the 
BiOp claimed. Id. at 60–61; Sunnyside BiOp at 40. And it explicitly stated that its findings were 
specific to the circumstances it studied and “caution[ed] against use of [its] findings to infer how 
spotted owls would respond under different circumstances that were not directly tested,” 
including more frequent disturbances. Delaney (1999) at 74. In relying on the Delaney study to 
reach conclusions wholly unsupported by that study and ignoring the express limitations and 
cautions of the study’s authors, FWS violated the ESA. 
 

FWS also acted illegally when it “ignore[d] available biological information.” Kern Cty. 
Farm Bureau, 450 F.3d at 1080–81 (quoting Conner v. Burford, 848 F.2d 1441, 1454 (9th Cir. 
1988)). Although overlooked by FWS in its BiOp, available studies suggest that the Sunnyside 
Project’s chronic noise is likely to significantly impair Mexican spotted owls’ ability to 
successfully forage by diminishing their ability to hear prey. One study, J. Tate Mason et al., 
Anthropogenic Noise Impairs Owl Hunting Behavior, 199 BIOLOGICAL CONSERVATION 29, 31 
(2016) (Ex. 2), determined that chronic noise levels of 61 dBA so interfered with the hearing of 
Northern saw-whet owls that the owls were unable to capture any mice at all. Another study, 
Masayuki Senzaki et al., Traffic Noise Reduces Foraging Efficiency in Wild Owls, 6 SCI. RPTS. 
30602, 30603 (2016) (Ex. 3), determined that chronic noise levels of just 40 dBA reduced long-
eared and short-eared owls’ ability to detect prey, while noise levels of 80 dBA made prey 
detectability virtually impossible. As set forth at more length in the attached declaration from 
expert wildlife ecologist Douglas Tempel, who has extensive experience with spotted owls and 
has specifically studied their responses to noise disturbance: 

 
These findings are likely to be representative of chronic noise impacts on Mexican 
spotted owls because, like the owl species involved in the cited papers, Mexican spotted 
owls rely heavily upon auditory cues when hunting. These findings therefore indicate that 
chronic noise impacts from the proposed Sunnyside Project would seriously compromise 
the affected spotted owls’ ability to hunt in the Project area and surrounding vicinity. In 
fact, the noise attenuation projections for the Sunnyside Project that were utilized in the 
Biological Assessment for this Project (Table 5-1) indicate that, even up to 1,600 feet 
from drilling and construction equipment, noise from the Project is expected to exceed 
the 61 dB(A) threshold that was associated with no owl hunting success in Mason, et al. 
(2016). These attenuation projections further indicate that Project noise is expected to 
reach Senzaki, et al. (2016)’s documented threshold for impacts on owls’ ability to detect 
prey—40 dB(A)—as far as 12,800 feet (more than two miles) from the noise source. 
 
Because of the likelihood that the Sunnyside Project’s chronic noise impacts will 
extensively interfere with the affected Mexican spotted owls’ ability to forage throughout 
a large area surrounding the proposed drilling and construction activity, there is also a 
high likelihood that the affected owls will permanently abandon territories in the 
impacted area for at least the full duration of proposed drilling activities (i.e., up to seven 
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years), and potentially longer depending on the extent of disturbance associated with 
subsequent reclamation activities. 

 
Tempel Decl. ¶¶ 12–13 (Ex. 4). In completely failing to consider the Mason and Senzaki studies, 
FWS ignored available scientific information on the impacts of chronic noise on owl hunting, 
issued arbitrary conclusions regarding the likely impacts of the Sunnyside Project, and thereby 
violated the ESA. See 16 U.S.C. § 1536(a)(2). 
 
 For its part, USFS arbitrarily relied on the BiOp to satisfy its own ESA obligations 
regarding the Sunnyside Project. USFS’s reliance on the flawed BiOp violated the ESA and 
rendered USFS’s authorization of the Sunnyside Project unlawful. See Ctr. for Biological 
Diversity v. U.S. Bureau of Land Mgmt., 698 F.3d 1101, 1127–1128 (9th Cir. 2012) (“[A]n 
agency cannot meet its section 7 obligations by relying on a Biological Opinion that is legally 
flawed . . . .”). 

 
II. USFS Arbitrarily and Unlawfully Determined that the Flux Canyon Project 

Would Have “No Effect” on Western Yellow-Billed Cuckoos 
 
USFS further violated the ESA by issuing an arbitrary and unlawful “no effect” 

determination for Western yellow-billed cuckoos regarding the Flux Canyon Project. As 
discussed above, under section 7(a)(2) of the ESA, USFS must ensure that any action it 
authorizes “is not likely to jeopardize the continued existence of any endangered species or 
threatened species or result in the destruction or adverse modification” of such species’ 
designated critical habitat. 16 U.S.C. § 1536(a)(2). In fulfilling the requirements of section 
7(a)(2), USFS must prepare a BA, see 50 C.F.R. § 402.12, and this BA cannot “entirely fail[] to 
consider an important aspect of the problem,” Mont. Wilderness Ass’n v. Fry, 310 F. Supp. 2d 
1127, 1148 (D. Mont. 2004) (quoting Motor Vehicle Mfrs. Ass’n of U.S., Inc. v. State Farm Mut. 
Auto. Ins. Co., 463 U.S. 29, 43 (1983)), or overlook “relevant factors.” Native Ecosystems 
Council v. Krueger, 946 F. Supp. 2d 1060, 1079–80 (D. Mont. 2013) (quoting Selkirk 
Conservation All. v. Forsgren, 336 F.3d 944, 953–54 (9th Cir. 2003)). In its BA, USFS 
concluded that the Flux Canyon Project would have “no effect” on Western yellow-billed 
cuckoos, a conclusion that did not require a concurrence from FWS, see Flux Canyon 
Concurrence at 1, thus ending the agencies’ inquiry into impacts on the cuckoo. USFS’s 
Decision Memo approving the Flux Canyon Project echoed this conclusion. See U.S. Forest 
Serv., Decision Memo, Flux Canyon Exploration Drilling 12 (May 30, 2023). In reaching this 
conclusion, however, USFS ignored important evidence concerning cuckoo habitat and 
overlooked relevant factors. 

 
USFS based its no-effect determination on the assertion that Western yellow-billed 

cuckoos are unlikely to occur in the Flux Canyon project area, because this area “does not 
contain suitable foraging or breeding habitat.” Flux Canyon BA at 33. In reaching this 
conclusion, USFS did not actually survey the project area but instead relied on the assumption 
that cuckoos in Arizona are “most commonly found in lowland riparian woodlands,” while the 
project would occur in “the upper hillsides.” Id. at 33; see also id. at 78. Yet the assumption that 
cuckoos are unlikely to breed or forage in the hillsides where the Flux Canyon Project would 
take place is contrary to the information available to the agency. As FWS elsewhere has 
acknowledged, in southeastern Arizona locations such as the Patagonia Mountains, cuckoo 
“breeding habitat is more variable than in the rest of its range” and “may include . . . hillsides,” 
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see Endangered and Threatened Wildlife and Plants; Designation of Critical Habitat for the 
Western Distinct Population Segment of the Yellow-Billed Cuckoo, 86 Fed. Reg. 20,798, 
20,836–37 (Apr. 21, 2021); see also id. at 20,841, 20,845, and cuckoos are known to forage in 
“upland areas” following precipitation. Id. at 20,840. Indeed, in considering the environmental 
consequences of the Sunnyside Project, USFS itself acknowledged that recent surveys of 
southeastern Arizona have found cuckoos breeding “in upland areas.” U.S. Forest Serv., 
Sunnyside Exploration Drilling Project: Environmental Assessment 30 (Jan. 2023) (citing Jennie 
MacFarland & Jonathan Horst, Yellow-Billed Cuckoo Surveys on the Coronado National Forest 
Within Eight Sky Island Mountain Ranges in Southeastern Arizona (Oct. 2015)). In completely 
failing to consider this information, and thus the likelihood of cuckoo foraging or breeding 
habitat in the project area, USFS ignored important and relevant factors that undermined its “no 
effect” determination for this species. For this reason too, USFS violated the ESA. 
 

III. FWS and USFS Repeatedly Ignored or Misconstrued Relevant Information 
and Reached Arbitrary Conclusions in Their Effect Determinations 
 

In addition, both FWS and USFS repeatedly ignored or misconstrued relevant 
information in determining that the Sunnyside and Flux Canyon Projects would have no effect, 
may affect but would not adversely affect, or would be unlikely to jeopardize or destroy or 
adversely modify critical habitat for the Mexican spotted owl, Western yellow-billed cuckoo, 
jaguar, and ocelot. As a result, both agencies reached arbitrary and unlawful conclusions about 
the effects of these projects on these four ESA-listed species. These errors include the following: 

 
 In evaluating cumulative effects of the Sunnyside Project, FWS’s BiOp 

repeatedly ignored the “best . . . commercial data available” concerning the 
Hermosa Project located immediately east of the proposed Sunnyside Project on a 
450-acre private parcel called the Trench Camp property. 16 U.S.C. § 1536(a)(2). 
Specifically, FWS ignored the project proponent’s own January 17, 2022, update 
advising that the Hermosa Project currently involves drilling of two sloped 
tunnels as a prelude to 22 years of mining production commencing as soon as 
Fiscal Year 2027. See Hermosa Project Update, SOUTH32, at 2, 4, 10 (Jan. 17, 
2022) (Ex. 5). In addition to mine shafts, planned surface developments for the 
Hermosa Project include a paste plant, processing plant, and dry-stack tailings 
storage facility. See id. at 10-11. Instead of considering this information—which 
was available nearly a full year before FWS issued the BiOp—FWS evaluated the 
Sunnyside Project’s cumulative effects with the Hermosa Project based only on a 
stale media report and omitted key information concerning the scope of the 
project’s threat to listed species and their habitats. See Sunnyside BiOp at 19, 38, 
58. FWS thus failed in its obligation to consider cumulative effects using the best 
available information, 16 U.S.C. § 1536(a)(2); 50 C.F.R. § 402.14(g), and USFS 
erred in relying on FWS’s flawed BiOp. 
 

 FWS and USFS arbitrarily relied on affected species’ ability to avoid impacts of 
the Sunnyside and Flux Canyon Projects simply by moving to other locations. 
These agencies’ analyses repeatedly concluded that Sunnyside and Flux Canyon 
would not have adverse effects on ESA-listed species largely because the Projects 
occupy only a small proportion of these species’ total habitat and they can simply 



7 

go elsewhere to avoid project disturbance. See Sunnyside BiOp at 18, 20, 35-36, 
56; Flux Canyon Concurrence at 7–8, 10; Flux Canyon BA at 28, 30. Such agency 
reasoning ignores the threat that, in doing so, these species would then be harmed 
by ongoing and foreseeable developments occurring simultaneously at numerous 
nearby sites, including, at minimum, the Sunnyside and Flux Canyon Projects 
themselves and the Hermosa Project.  

 
 USFS arbitrarily discounted any effect to Mexican spotted owls from the Flux 

Canyon Project on the basis that owls occupying the nearest designated PAC do 
not use the perimeter of that area that is closest to the Project, and “there have 
been no MSO detections within 0.5 miles of the Project in eight years of survey in 
the area.” Flux Canyon BA at 26-27. Yet reliance on this historical record of owl 
activity to dispel any possible effect of the Flux Canyon Project failed to consider 
an important factor: the onset of new disturbance in nearby owl PACs from the 
Sunnyside Project and its potential to displace owls to locations much closer to 
the Flux Canyon Project. In short, the future will not look like the past for 
Mexican spotted owls in the Flux Canyon Project vicinity. The Sunnyside BiOp 
explicitly anticipates that Sunnyside Project impacts just upslope from the Flux 
Canyon Project may cause owls to use “unfamiliar habitats” or “shift their 
activities within their existing home ranges to avoid areas with increased human 
activities,” Sunnyside BiOp at 35—both of which threaten to bring owls within 
the impact zone of the Flux Canyon Project. USFS ignored this threat in 
determining that the Flux Canyon Project poses no effect to Mexican spotted 
owls.  

 
 USFS and FWS arbitrarily discounted any adverse effect to jaguars from the Flux 

Canyon Project on the basis that jaguars are rare. USFS asserted that information 
from field camera surveys “supports the notion that there are no jaguars currently 
in the vicinity of the Project.” Flux Canyon BA at 28. FWS stated that “jaguars in 
Arizona are rare in any one specific location, making the probability of jaguar 
presence during project implementation unlikely.” Flux Canyon Concurrence at 
10. Yet FWS’s own Sunnyside BiOp concluded that, given evidence of jaguar 
presence north of the Patagonia Mountains in the Santa Rita Mountains, and south 
of the Patagonia Mountains in Sonora, Mexico, “the possibility that a jaguar may 
occur in the action area at some time during the [Sunnyside] Project cannot be 
discounted.” Sunnyside BiOp at 47–48. USFS and FWS arbitrarily offered no 
justification for their contrary decision to discount the possibility that such a 
jaguar occurrence could occur in proximity to, and during operation of, the Flux 
Canyon Project. Indeed, by concurring with USFS’s effects determination for 
jaguars on the basis that jaguars’ rarity in Arizona makes “the probability of 
jaguar presence during project implementation unlikely,” Flux Canyon 
Concurrence at 10, FWS adopted a rationale that could be used to avoid ESA 
formal consultation requirements for virtually any development in jaguar habitat. 
Yet FWS itself has documented that jaguars do occur in Arizona. See Flux 
Canyon Concurrence at 9-10; Sunnyside BiOp at 47-48. FWS and USFS violated 
the ESA by dismissing any threat to the jaguar based on a speculative and 
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overbroad dismissal of the species’ presence that does not conform with FWS’s 
own analysis and evidence about jaguar occurrence in Arizona. 

  
IV. Conclusion 

 
 As set forth in this letter, FWS and USFS violated the ESA in evaluating the impacts of 
the Sunnyside and Flux Canyon Projects on threatened and endangered species. If FWS and 
USFS do not withdraw their unlawful actions within 60 days of the receipt of this letter, the 
parties to this notice letter intend to institute a legal action to challenge these agency actions in 
federal district court. 
 

Sincerely, 
 
 
 
Timothy J. Preso (Montana Bar No. 5255) 
Earthjustice  
313 East Main Street 
PO Box 4743 
Bozeman, MT  59715-4743 
tpreso@earthjustice.org 
Phone: (406) 586-9699 

 
Scott W. Stern (California Bar No. 336427) 
Earthjustice 
50 California Street, Suite 500 
San Francisco, CA 94111 
sstern@earthjustice.org 
Phone: (415) 217-2117 
 
Roger Flynn (Colorado Bar No. 21078) 
Jeffrey C. Parsons (Colorado Bar No. 30210) 
Western Mining Action Project 
PO Box 349 
440 Main Street, Suite 2 
Lyons, CO 80540 
wmap@igc.org 
Phone: (303) 823-5738 

 
 Counsel for Plaintiffs 
 
cc:  Tyler M. Alexander, tyler.alexander@usdoj.gov (counsel for the United States) 

Andrew A. Smith, andrew.smith@usdoj.gov (counsel for the United States) 
Carla Consoli, cconsoli@maypotenza.com (counsel for Arizona Standard, LLC) 

 Laura K. Granier, LKgranier@hollandhart.com (counsel for South 32 Hermosa, Inc.) 
  
 



Exhibit



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



This content downloaded from
            23.93.215.77 on Tue, 06 Jun 2023 18:11:52 +00:00

All use subject to https://about.jstor.org/terms



Exhibit



Short communication

Anthropogenic noise impairs owl hunting behavior

J. Tate Mason a,b,⁎, Christopher J.W. McClure a,b, Jesse R. Barber a

a Department of Biological Sciences, Boise State University, 1910 University Dr., Boise, ID 83725-1515, USA
b The Peregrine Fund, 5668 West Flying Hawk Lane, Boise, ID 83709, USA

a b s t r a c ta r t i c l e i n f o

Article history:
Received 19 August 2015
Received in revised form 29 January 2016
Accepted 5 April 2016
Available online 8 May 2016

Emerging evidence indicates that anthropogenic noise has highly detrimental impacts on natural communities;
however, the effects of noise on acoustically specialized predators has received less attention. We demonstrate
experimentally that natural gas compressor station noise impairs the hunting behavior of northern saw-whet
owls (Aegolius acadius). We presented 31 wild-caught owls with prey inside a field-placed flight tent under
acoustic conditions found 50–800 m (46–73 dBA) from a compressor station. To assess how noise affected
hunting, we postulated two hypotheses. First, hunting deficits might increase with increasing noise—the
dose–response hypothesis. Secondly, the noise levels used in this experiment might equally impair hunting, or
produce no impact—the threshold hypothesis. Using a model selection framework, we tested these hypotheses
for multiple dependent variables—including overall hunting success and each step in the attack sequence
(prey detection, strike, and capture). The dose–response hypothesis was supported for overall hunting success,
prey detection, and strike behavior. For each decibel increase in noise, the odds of hunting success decreased
by 8% (CI 4.5%–11.0%). The odds of prey detection and strike behavior also decreased with increasing noise,
falling 11% (CI 7%–16%) and 5% (CI 5%–6%), respectively. These results suggest that unmitigated noise has the
potential to decrease habitat suitability for acoustically specialized predators, impacts that can reverberate
through ecosystems.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Recent work indicates that anthropogenic noise affects animal
behavior, distributions, and reproductive success (Francis and Barber,
2013). For example, the densities of many songbird species (Bayne
et al., 2008) and the richness of the songbird community (Francis
et al., 2009) decline by one-third at loud compressor station sites
compared to quiet sites in natural gas extraction fields. Experimental
application of traffic noise to the landscape has revealed declines in
songbird abundance and near-complete avoidance by some species
(McClure et al., 2013). Although several studies have examined species
distributions, comparatively little is known about how noise affects
predators that rely on sound to hunt. In laboratory studies, gleaning
bats displayed up to a 2-fold increase in search time under acoustic
conditions matching those encountered 50 m from a highway
(Bunkley and Barber, 2015; Siemers and Schaub, 2011). Here, we
focus on a predator that relies on low-frequency acoustic information
and is thus potentially impacted by a louder soundscape at large spatial
scales. We examine northern saw-whet owls (Aegolious acadius)

hunting mice (Mus musculus) in replicated acoustic conditions
50–800 m from noisy infrastructure.

Although owls in general have sensitive visual systems, their prey
may be visually inaccessible under snow or vegetation or obscured by
complete darkness. Under these conditions, many owls rely on hearing
to hunt and this selective pressure has resulted in highly sensitive,
directional hearing. Ear asymmetry is critical for sound localization in
birds (Konishi, 1973) and has evolved independently at least 4 times
in owls (Norberg, 1977). The northern saw-whet exhibits the greatest
degree of ear asymmetry of any known owl (Norberg, 1977) and is a
good candidate to test the potential effects of noise on acoustically
specialized avian predators.

Northern saw-whet owls are likely to encountermany sources of an-
thropogenic noise as they occur in developed regions and landscapes
under intense resource extraction (Allred et al., 2015; Beckett and
Proudfoot, 2011). Compressor stations, which are used to pressurize
pipelines in energy extraction fields, produce chronic broadband noise
(Fig. 1A) and can generate sound levels above the ambient background
across an entire natural gas field (Francis et al., 2011). It is currently
unknown if noise affects owl hunting behavior.

We challenged northern saw-whet owls to hunt mice in a
field-placed flight tent using only acoustic cues under soundscape
conditions replicating those found 50–800 m from a compressor
station (46–73 dBA; Fig. 1B). We generated and compared two
hypotheses: 1) the dose–response hypothesis, where we predicted
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that owl hunting success would decrease in acoustic conditions
found closer to a compressor station; and 2) the threshold hypothe-
sis, where we predicted all the sound levels used in our experiment
were above the threshold that would cause hunting deficits. We
quantified overall hunting success, and to determine where in the
predatory attack sequence deficits might be occurring, we also quan-
tified three behaviors independently: prey detection, attempted
prey capture (strikes), and capture of prey. Understanding the
effects of louder acoustic environments on predators is critical for
revealing forces that might reverberate through ecological systems
(Francis et al., 2012).

2. Materials and methods

We conducted this study under Boise State University IACUC proto-
col 006-AC11-018. Personnel from the Intermountain Bird Observatory
captured owls via mist-net and brought them to a light-proof flight tent
(8 × 7 × 4 m), located approximately 1 km from the trapping location.
We illuminated the tent with visible light (head lamp) to provide
owls with visual information from their surroundings during a one-
night acclimation period before experiments began. All experimental
trials were conducted in the absence of light visible to the owls. We
illuminated the hunting arena with 5 infrared LED arrays (Wildlife
Engineering). An owl perch (1.7 m high and 0.4 m wide) was placed
2.5 m from an elevated runway covered in soil and fir needles where a
mouse was introduced individually through one of two randomly cho-
sen entry tubes (Fig. 1C). We filmed all trials with infrared-sensitive
Canon XA-10 and Sony CX-7 video cameras (high definition, 30 fps).

Trials took place at night and consisted of 4 consecutive hunting
opportunities over 2–3 nights, each under a randomly selected noise
condition (61–73 dBA in 2012, 46–55 dBA in 2013; Supplementary
Table 1). We played files through Bose speakers (Freespace 51,
250 Hz–12 kHz ± 3 dB) powered by a Kicker (IX500.2) or Lepai ampli-
fier (LP-2020A). The speakers produced an even sound field (±2 dBA)
across the hunting area. We recorded playback files between the
hours of 2100–0400 (temp. 10–12 °C) at distances of 50–500 m from
a compressor station (Gobbler’s Knob Compressor Station, WY) with a
Sennheiser ME66 microphone (40–20,000 Hz; ±2.5 dB) and Roland
R-05 recorder (sampling rate 96 kHz) while measuring sound pressure
levels using a Larsen-Davis 824 implementing a 3-minute integration.
Due to an inability to record at distances greater than 500 m, we used
the ANSI Standard for Sound Attenuation (ISO 9613-2, 1996) to project
the 50 m track to distances of 600 (49 dBA) and 800 m (46 dBA),
respectively. Using a custom MatLab program (D. Mennit), we cali-
brated our playback system so that each 1/3rd octave frequency

band within the range of owl hearing (Dooling, 2002) matched
recorded levels.

To quantify owl and mouse behavior, we analyzed videos using
Adobe Premiere Pro (CS6). Mouse detection was recorded when the
owl’s facial disc was oriented toward the mouse for at least one video
frame. We also noted whether the owl left the perch in pursuit of
the mouse (strike) and if the strike was successful (capture). Mouse
movement was quantified and recorded as the proportion of the trial
that the mouse was physically moving on the runway. We conducted
all analyses in R, version 3.1.3, and used package lme4 (Bates et al.,
2014) to build generalized linear mixedmodels with binomial distribu-
tions and logit links. Overall hunting successwas determined by analyz-
ing all trials. We also examined three behaviors independently. We
determined strike odds using the subset of trials during which the
mouse was initially detected. We quantified the odds of an owl captur-
ing amouse using the subset of trials duringwhich the owl struck at the
mouse. In this way, the effect of noise could be assessed for each step in
the attack sequence, independent of the prior step. For each dependent
variable (overall hunting success, detection, strike, and capture odds),
we compared the two hypotheses (dose–response vs. threshold) with
each other, with models only containing extraneous variables (de-
scribed below), and with a null (intercept-only) model. The dose–re-
sponse hypothesis was tested using a model with a covariate
indicating the decibel level and the threshold hypothesis was tested
using a model with a binary factor indicating whether noise was played
or not. To control for repeated sampling, we set individual owl as a ran-
dom intercept. We then ranked and compared models using Akaike's
Information Criterion (Akaike, 1974). The covariates within all models
ΔAIC b 2 were considered useful for inference if the 85% confidence in-
tervals of their coefficients excluded zero. We used 85% confidence in-
tervals instead of 95% because they are more appropriate under an AIC
model selection framework (Arnold, 2010), although we note that use
of 95% confidence intervals would not have affected the inference
from our study.

In addition to the variables of interest, there were extraneous
variables that we included in the models if they were independently
determined to have had an effect on owl hunting behavior (Table 1).
These variables were order of trial, night of trial, mouse movement,
and year. We determined the effect of each of these covariates by
regressing them against the hunting behaviors of interest (overall
success, detection, strike, and capture) using generalized linear mixed
models with binomial distributions and retaining the variables where
the 85% confidence intervals of the coefficients excluded zero. We
used linear regression to analyze the relationship between sound level
and mouse movement.

Fig. 1. Spectrograms and power spectra of experimental playback stimuli (A) and mouse footsteps recorded in the experimental paradigm (B). (C) A video frame of the hunting arena
inside the flight tent with an inset of a saw-whet owl about to strike a mouse.
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3. Results

Twelve owls completed a total of 32 trials in 2012 and 18 owls
completed a total of 152 trials in 2013. The extraneous variables
(order of trial, night of trial, mouse movement, and year) and their
independent effect on owl hunting behavior are summarized in
Table 1. No relationship between noise level and mouse movement
was detected (p = 0.97). Models containing noise covariates were the
only models within ΔAIC b 2 for all steps of the hunting process
(Table 2). The only model within ΔAIC b 2 for overall hunting success
contained the dose–response parameter (Table 2). The inclusion of the
dose–response parameter in the top model indicates that the odds of
hunting success decreased as noise increased; the odds of a successful
hunt decreased by 8% (CI 4%–11%) for each decibel increase in noise
(Fig. 2). For mouse detection and strike odds, the dose–response
model was the onlymodel within ΔAIC b 2, whereas the dose–response
and thresholdmodelswere nearly tied for theAIC-bestmodel of capture
success (Table 2). The odds of an owl detecting a mouse during an ex-
perimental trial decreased by 11% (CI 7%–16%) for each decibel increase
in noise and, likewise, the odds of a strike decreased by 5% (CI 5%–6%)
for each decibel increase in noise (Fig. 2). The threshold and
dose–response models were both competitive for capture. The thresh-
old model indicated that the odds of a mouse capture under treatment
conditions were 11 times less likely (CI 9–12; Movie S1) than in control
conditions (Movie S2) while the dose–response model suggested that
the odds of a mouse capture decreased by 9% (CI 2%–16%) for each
decibel increase in noise.

4. Discussion

The odds of an owl detecting prey, striking at prey, and overall hunt-
ing success decreased as noise level and spectral bandwidth increased,
supporting a dose–response mechanism. The presence of added noise,
regardless of amplitude, negatively impacted the odds of mouse cap-
ture, provided that the owl had struck. In this case, the dose–response
hypothesis was also competitive and could not be rejected. Overall
hunting success was progressively compromised in increasing noise
up to 61 dB(A); above this sound level, no mice were captured. The
deficits we observed likely resulted from the interference of noise
with the gathering and/or processing of auditory information critical
to successful hunting.

Though the hearing ability of saw-whet owls has yet to be
quantified, data from13 owls indicate that owl hearing ismost sensitive
between 0.5 and 8 kHz (Dooling, 2002). Compressor noise, and anthro-
pogenic noise broadly, is primarily below 10 kHz (Fig. 1A). Noise treat-
ments equivalent to 50–200 m from a compressor station overlapped
substantially in spectrumwith the sounds produced bymouse footsteps
(Fig. 1B) and across these acoustic conditions owls did not successfully
capture mice. The 500–800 m noise tracks produced progressively less
overlap in frequency with mouse footsteps, due to excess attenuation
of high frequencies at these distances, which might explain the im-
proved hunting success we observed in these conditions. Masking of
prey-generated sounds is a likely mechanism underlying our results;
however, we cannot dismiss attentional distraction (Chan et al., 2010).
Co-varying with an increasing overlap in frequency between playback
stimuli and prey-generated sounds was an increase in noise amplitude.
Increasing sound levels increase distraction in hermit crabs (Coenobita
clypeatus) (Chan et al., 2010). Regardless of mechanism, we observed
deficits at every stage of the attack sequence.

An average of 50,000 new gas wells were drilled per year from 2000
to 2012 in the US and Canada (Allred et al., 2015). Owl distributions
around noisy infrastructure are unstudied, but we suggest that acousti-
cally specialized owls might be absent from otherwise suitable habitat
or suffer reduced condition if they remain (Ware et al., 2015). Our
results clearly indicate that noise should be managed by dose of the
pollutant and mitigation strategies, such as noise walls surrounding
compressor stations (Francis et al., 2011), are likely to benefit acoustically
specializedpredators. Understanding owl distributions andfitness in rela-
tion to environmental sound levels are clear next steps. Environmental
perturbations have a cumulative impact on ecosystem integrity, so the
maintenance of natural acoustic environments could lessen the burden
faced by many species. Further, we suggest that the trophic connections
between many predators and prey are particularly vulnerable to being
severed by noise.

Table 1
Coefficients (β) for the extraneous variables that independently affected owl hunting
behavior. Variables were included in the subsequent analyses of noise on owl hunting
behavior when the 85% confidence interval of their coefficients excluded zero.

Hunting behavior Extraneous variable β SE CI− CI +

Success
Night 0.71 0.427 0.10 1.33
Movement 1.33 0.878 0.06 2.59

Detection

Order 0.19 0.003 0.19 0.20
Night 0.85 0.421 0.25 1.46
Movement 1.38 0.723 0.34 2.42
Year 0.15 0.003 0.15 0.16

Strike
Movement 2.41 0.855 1.18 3.64
Year −1.00 0.535 −1.77 −0.23

Capture
Night 2.01 0.86 0.77 3.25
Year 1.51 0.72 0.46 2.55

Table 2
Model results for overall hunting success (calculated from all trials), detection, strike,
and capture (calculated from trials where strikes occurred) odds. Extraneous variables
(mouse movement, night of trial, order of trial, and year) were included if they had an
independent effect.

Hunting success model AIC ΔAIC k wi

dose–response + movement + night 149.38 0 4 0.84
threshold + movement + night 152.68 3.3 4 0.16
movement + night 163.05 13.67 3 0
null 167.48 18.10 1 0
Detection model AIC ΔAIC k wi
dose–response + movement + night + order + year 165.58 0 6 0.97
threshold + movement + night + order + year 172.53 6.95 5 0.03
mouse movement + night + order + year 189.30 23.72 5 0
null 191.13 25.55 1 0
Strike model AIC ΔAIC k wi
dose–response + movement + year 170.10 0 4 0.86
threshold + movement + year 174.11 4.01 4 0.12
movement + year 177.67 7.57 3 0.02
null 189 18.90 2 0
Capture model AIC ΔAIC k wi
threshold + year + night 66.77 0 4 0.52
dose–response + year + night 67.23 0.46 4 0.41
year + night 70.96 4.19 3 0.06
null 75.59 8.82 1 0.01

Fig. 2. The probability of an owl detecting, striking, and successfully capturing a mouse by
sound level (dBA). The control averaged29dB(A); the loudest playback filewas presented
at 73 dB(A). Curves are plotted from the AIC-best model for each component of the attack
sequence. Shading represents standard errors.
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Supplementary data to this article can be found online at http://dx.
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Anthropogenic noise (hereafter “noise”) is increasing globally and mounting evidence suggests that noise can 
negatively affect wild animals in many ways1–3. Of these impacts, masking from noise, where it interferes with an 
organism’s ability to detect or discriminate biologically relevant signals, appears to be especially problematic4–6. 
Although several studies have examined impacts of masking using “quiet versus loud designs”, to fully understand 
and reduce the severity of masking, quantifying wildlife responses to a range of noise exposure levels is critical5–7.

Compromised foraging efficiency in animals, especially in acoustic predators such as owls and bats, is among 
the main concerns regarding impacts of novel acoustic environments created by noise8–10. This is because declines 
in foraging efficiency likely influence their distributions by altering behavior and reducing habitat suitability11,12 
and thereby may alter predator-prey interactions that have ecosystem-wide consequences13. Nevertheless, only 
a few laboratory experiments with limited sample sizes have examined noise impacts on foraging efficiency, and 
only in two bat species8,11,12 and in a single owl species14. Thus, to clarify whether negative effects of noise on 
foraging efficiency in acoustic predators are widespread, we must understand the degree to which noise degrades 
foraging efficiency in acoustic predators in the wild5,6.

The objective of this study was to experimentally determine the relationship between foraging efficiency of 
wild acoustic predators and noise levels common to many landscapes. We studied nocturnal owls because they 
are specialized acoustic predators, have cosmopolitan distributions, and have different audible ranges and hunt-
ing techniques than bats. We conducted novel field playback experiments using two types of sounds, traffic noise 
(hereafter “TN”) and artificial prey rustling sound (hereafter “APRS”) (Fig. 1). Playback of TN allowed us to iso-
late effects of noise from other confounding factors, such as habitat changes, visual disturbance of moving vehicles 
and lights, etc15–17. Because owls localize and attack prey using prey-generated rustling sounds at frequencies 
spanning 6–8.5 kHz18, we digitally developed APRS (Fig. 2a) and found that owls in the wild are attracted to play-
back of these sounds (see supplementary Fig. S1), providing a method for quantifying prey detection among wild 
owls under a variety of acoustical conditions. In field experiments, we played back APRS at constant amplitude 
under various TN exposure levels at many locations in northern Japan, and thereby examined the effect of TN on 
owls’ ability to detect APRS. Finally, we estimated the compromised foraging range by noise near roads. To the 
best of our knowledge, this is the first study to examine effects of different levels of TN on foraging efficiency in 
acoustic predators in the wild.

We conducted 367 playback experiments in northern Japan (see supplementary Fig. S2), and recorded a total of 
92 owls in 76 playback experiments (Table 1). After exclusion of owls that did not satisfy our analytical criteria 
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Figure 1. Schematic of the playback experimental set up. 

Figure 2. Spectral characters, relative amplitudes (left panel) and power spectra (right panel) of (a) ARPS and 
(b) TN.

Yufutsu Sendai Total
Number of study plots 45 58 103
Number of experiments 210 157 367
Number of owls 21 71 92
 long-eared owl 7 29 36
 short-eared owl 14 39 53
 ural owl 0 3 3

Table 1.  Summary of field experiments.
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(n =  14, see “Materials and Methods”), we analyzed 78 owls in 63 playback experiments (45 short-eared owls 
Asio flammeus and 33 long-eared owls Asio otus). The best model included sound pressure level (SPL) of TN and 
suggested owls’ ability to detect prey was negatively associated with SPL of TN (Table 2, Fig. 3a). Species ID and 
the interaction term had no association with owls’ ability to detect prey (Table 2).

In addition, to estimate relationship between road distances and owls’ ability to detect prey, we also measured 
SPL of TN at various distances from road. Result of model selection showed SPL of TN attenuated quadratically 
with distance from road (Table 2, Fig. 3b), indicating impacts of traffic noise on owls’ ability to detect prey has the 
potential to reach >120 m from a road (Fig. 3b). In other words, owls’ ability to detect prey was impacted even at 
the lowest level of TN (40 dB[A]) and was approximately 17% lower than detections in ambient sound conditions 
(Fig. 3a).

Variables
Model rank

β SE1 2 3 4
Traffic noise level
  Distance from 

road + + − 0.30 0.01

  Distance from 
road2 + + 0.00 0.00

 df 4 3 3 2
 Δ AICc 0.00 115.80 199.44 295.71
 Weight 1.00 0.00 0.00 0.00
Owls’ prey detectability
 Trafic noise + + + − 0.07 0.02
 Species_ID + + 
 TN X SP_ID + 
 df 4 5 6 3
 Δ AICc 0.00 2.28 4.60 17.07
 Weight 0.70 0.23 0.07 0.00

Table 2.  Results of GLM examining how TN decreases with distance from a road and GLMM examining 
effects of TN on owl’s ability to detect prey. For GLM, we treated SPL as a response variable, and distance 
from a road (m) and its quadratic term as explanatory variables. For GLMM, we treated whether owls detected 
APRS at the treatment point as the response variable, SPL of TN, species ID and interaction of these variables as 
explanatory variables and plot ID and Study region (Yufutsu or Sendai) as random variables. Variables included 
in models are indicated with plus sign. “TN X SP_ID” indicates the interaction term between traffic noise and 
species ID and “Weight” refers to Akaike Weights. Parameter estimates (β) and its standard errors (SE) in the 
best models are also given.

Figure 3. (a) Estimated owls’ ability to detect prey under noise exposure levels (with 95% CI). “C” indicates 
control experiments. Detectability at C is estimated using average background sound level (32 dB). Top figures 
indicate number of experiments (number of owls analyzed). (b) Relationships between road distances and 
noise levels and owls’ prey detectability. The owls’ ability to detect prey was estimated based on linear regression 
equation presented in (a).
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Using a novel field-based experimental approach, we show that owls’ ability to detect prey is negatively impacted 
by increases in TN. Masking of the signal occurs when there is spectral and temporal overlap between the signal 
and noise5. Because APRS experience considerable spectral overlap by TN (Fig. 2a,b), reduction of owls’ ability 
to detect prey could be caused by increasing acoustic masking with increasing amplitude of TN11,12, although 
whether the signal was masked depends on the acoustic processing abilities of the owls and how they hear sound 
in noise. Additionally, it is not mutually exclusive that distraction and/or avoidance to TN play some role for 
explaining decreases in prey detection. For example, previous works with bats suggests that distraction/avoidance 
to noise had larger impact on bats’ ability to detect prey than masking8.

Owls’ ability to detect prey was impacted even at the lowest level of TN (40 dB[A]) and was approximately 17% 
lower than that of ambient conditions (Fig. 3a). This corresponds to a distance of 120 m estimated from our model 
predicting noise levels from distance to the road and is twice the distance estimated for impacts on bats’ prey 
detectability due to TN9. Methodological differences between laboratory and field studies could explain these 
differences. For example, laboratory experiments conducted in a restricted area could overestimate prey detect-
ability of acoustic predators because in a confined laboratory setting they circle above the experimental foraging 
area in flight and may have more chances to detect their prey. In contrast, in the field acoustic predators typically 
forage in linear flight and would have fewer opportunities to detect prey sounds11. Alternatively, such difference 
may be, at least partially, due to differences of audible range and/or sensitivity to sounds between birds and bats 
(i.e., owls cannot detect sounds at frequencies above 15 kHz18 while echolocating bats use sounds at frequencies 
up to 120 kHz)11 and differences in prey-generated rustling sounds between the experiments.

Masking of real or artificial prey rustling sounds by traffic noise should invariably reduce foraging efficiency to 
some degree. However, hunting owls may be able to take advantage of directional masking release where rustling 
sounds and background noise propagate from different directions. Distraction, in which owls attend to traffic 
noise rather than rustling sounds, could also explain declines in prey detectability and could operate along side 
masking. However, it is also possible that distraction or compromised attention could decrease with habituation 
to traffic noise over time. Distinguishing among these potential mechanisms must be a next step. Additionally, 
it is also critical to understand whether declines in prey detection scale to responses most relevant to population 
persistence, such as site abandonment or impact actual foraging success, body condition and reproductive success 
of animals occupying noisy areas11,19,20.

In addition, there are several differences between this study and natural conditions. First, omnidirectional TN 
used here differs from horizontal TN propagation from roadways that wild owls encounter in nature. Thus, future 
work evaluating how directional masking release changes detection of APRS is needed. Second, we used a repre-
sentative TN sound recording in the experiments based on comparisons among several TN sounds. Although this 
isolates noise amplitude as a single factor that varied among treatment levels, it also does not reflect TN variation 
due to variable traffic speeds, densities and environmental conditions, indicating that future work should focus 
on how possible TN variation affects owls’ ability to detect prey. Moreover, high frequency components of TN 
attenuate faster with distance from roads than lower frequency components, suggesting overestimation of the 
masking effects of TN playbacks at amplitudes reflective of 55, 105, 155, 205 m from the road. However, because 
APRS playbacks were louder than natural prey rustling sounds and APRS might be easier for owls to detect than 
actual prey rustling sounds with broadband energy, effects of TN on owls’ prey detection may extend well-beyond 
our 120 m estimate.

Despite the need to parse the effects of how directional masking release, real versus artificial prey sounds 
and high frequency components simultaneously contribute to estimated impacts with respect to distance from 
roads, we provide the first evidence that noise reduces foraging efficiency in a wild predator in a natural situa-
tion. Additionally, our analysis of sound level attenuation with distance from the road suggests that declines in 
prey detection occur at distances twice that estimated for bats from lab studies11, at least in our study region. 
Nevertheless, given our playback is representative of traffic noise propagating from other roadways (see supple-
mentary Fig. S3), it is likely that impairment of foraging at similar distances is generalizable to other roadways. 
Moreover, a recently published captive study showed that experimental playback of compressor noise, which 
has similar power spectrum with traffic noise, negatively impacts hunting behavior of northern saw-whet owls 
(Aegolius acadius) at sound levels as low as 46 dB(A), which corresponds to approximately 800 m from compres-
sor stations14. These potentially sizable footprints from energy-sector and traffic noise highlight the pervasive 
impacts of noise on acoustic predators because many sources of noise, including road densities, are high and 
increasing4. For example, 83% of the continental US is within 1061 m of a road21, and globally, > 25 million kilom-
eters of new roads are anticipated by 205022. Key to fully understanding noise-impacts on acoustic predators will 
require knowledge of how the magnitude of noise-impacts varies depending on road densities, arrangements and 
traffic volumes and speeds. Moreover, it is critical to understand how common prey species respond to roadways 
and traffic and determine whether the cumulative effects are additive, synergistic or even antagonistic, as some 
nocturnal small mammals appear to increase in noise exposed areas23 and along roadways24. Regardless of the 
shape of these interactions, it is likely that wild owls and other acoustically-oriented predators will continue to be 
impacted by noise.

Vehicle noise was recorded at the 
prefectural road #1046 in Yufutsu plain, central Hokkaido, late December 2014. The recording was conducted 
between 22:00 to 02:00 on a clear day when wind speeds were less than 1 m/s. We set a recorder (PCM-D100, Sony 
Corporation, Tokyo, Japan; frequency response ±  2 dB between 20 Hz and 45 kHz) with a sound pressure meter 
(Sound Level Meter TYPE 6236, ACO CO., LTD, Miyazaki, Japan) at a height of 1.5 m and 5 m distance from the 
road. Then, for each of 20 passing vehicles at constant speed (60 km/h), we recorded its noise and measured its 
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sound pressure level (SPL) as the A-weighted equivalent continuous noise level during five seconds at nearest dis-
tance to a vehicle (Leq [5 s], fast response time, re. 20 μPa, A-weighting). For these, we used the A-weighted filter 
because this filter provides better measurement of acoustic energy relevant to birds at frequencies between 1.0 
and 9.5 kHz25, which cover entire frequency range used by hunting owls18. Finally, we created a 1 min exemplar of 
TN sound consisting of 12 vehicle pass-by events, which contained energy up to 40 kHz, but had the most energy 
below 10 kHz (Fig. 2b). This traffic level was found along roads in many national parks, national forests, and pro-
tected areas globally19. Although it is better to use different TN sounds in each playback experiment to capture 
potential heterogeneity in traffic noise present in different locations or times, because our primary interest is to 
quantify effect of amplitude alone on owls’ ability to detect prey, we used this single TN sound file in all playback 
experiments based on comparisons of frequency spectra among several TN sounds recorded at different locations 
(see supplementary Fig. S3). We also created a 1 min control sound file that had no acoustic energy. In addition, to 
understand how sound levels attenuate with distance from the roadway, for each of 20 passing vehicles at known 
speed (i.e., 60 km/h), we measured its sound pressure level (SPL) as the A-weighted equivalent continuous noise 
level during five seconds at nearest distance to a vehicle (e.g., LAeq [5 s]) at 5, 55, 105, 155, and 205 m from the 
road.

When 
small-mammals walk on the ground, they produce rustling sounds which are short and contain a wide range of 
frequencies18. Owls can precisely locate these rustling sounds, especially at frequencies between 6 and 8.5 kHz18. 
Because they respond strongly to stimuli at these frequencies, we created sound files consisting of an upsweeping 
element of 0.4 s in duration spanning 3.0–9.0 kHz separated by 0.1 s (sampling rate: 192 kHz). For each file, the 
elements were repeated eight times, followed by 6 s with no acoustic energy (Fig. 2a). This 10 s section was then 
repeated six times to create a one-minute artificial prey rustling sound, which is similar in structure to rustling 
sounds made by actual prey18. All sound analyses and clip generation were conducted in Sound Forge Audio 
Studio 10.0 (Sony, Tokyo, Japan).

To make certain that we could obtain sufficient sample 
sizes, we selected two study areas in northern Japan where many owls overwinter. Specifically, field experiments 
were conducted in Yufutsu plain, central Hokkaido and in Sendai plain, northern Honshu (see Supplementary 
Fig. S2). Both landscapes are predominantly agricultural fields and semi-natural grasslands (see Supplementary 
Fig. S2), providing suitable environments for our target study species. We established 103 playback experimen-
tal plots in these two areas (45 in Yufutsu plain and 58 in Sendai plain, northern Honshu) (see Supplementary 
Fig. S2). In the study area, an individual short-eared owl territory size was estimated to be approximately 5 ha 
(M. Senzaki, personal observations), which nearly equals an area with 130 m radius. Thus, to prevent double 
sampling, adjacent plots were spaced by > 500 m. In addition, we did not establish plots in areas with tall trees 
or streetlights to prevent potential effects of these factors on sound propagation or owls’ behaviors respectively. 
Playback experiments were conducted at least once in each plot between 1700–0500 h on both clear and cloudy 
nights, when wind speeds were < 2 m/s, from December 2014 to March 2015, which corresponded with owls’ 
wintering periods. The average number of playback experiments at each plot (± SD) was 3.56 ±  1.23. When owls 
were sampled in a plot, we did not conduct any additional playback experiments in the same plot three or more 
days to minimize effects of habituation.

A plot consisted of an attraction and treatment point spaced 50 m apart (Fig. 1) with one and two speakers 
(PDX-B11: Yamaha, Hamamatsu, Japan; frequency response ±  10 dB between 55–20 kHz) connected with players 
(WALKMAN NW-E080, Sony Corporation, Tokyo, Japan), respectively. Although traffic noise propagates hori-
zontally across the landscape, and mimicking directional propagation can be carefully controlled in laboratory 
conditions11,12, we set all speakers on the ground facing upwards to ensure omnidirectional propagation of attrac-
tion and treatment point sounds across the landscape. This ensures fairly equal amplitudes of playback sounds in 
all directions, which was important when owls could approach from any direction. On nights when background 
SPL ≤  35 dB(LAeq[1 min]), we broadcasted TN or the silent sound file with no acoustic energy (hereafter “control 
sound”) from one speaker at the treatment point until the end of the experiment. Amplitude of TN was randomly 
chosen to be approximately 40, 50, 60, 70, or 80 dB(LAeq [5 s]) at 1.5 m height above the speaker, representing 
sound levels measured at different distances from a roadway. After 1 min of TN broadcast at the treatment point, 
we first broadcast APRS at 90 max dB(A) at a height of 1.5 m above the attraction point speaker for 1 min to 
attract owls from the larger surrounding area. When the playback was finished, we immediately broadcast APRS 
at 35 max dB(A) at a height of 1.5 m above the second speaker at the treatment point for 1 min. Although 35 dB(A) 
is louder than natural prey sounds11,12, we used the value to ensure that owls at attraction points could detect 
APRS at treatment points at least under control playback conditions. We tracked owls attracted to the attraction 
point and determined whether they could subsequently detect APRS at the treatment point. Owls that actively 
entered the range within 10 m from the attraction/treatment point (e.g., owls hovering and/or flying circular over 
the speaker) were determined to detect APRS in each point. When we observed attacks and/or chases between 
attracted owls and/or when we could not determine whether owls in attraction points were detecting APRS in 
treatment points because they landed on the ground, they were not included in subsequent analyses. We also 
excluded experiments with no owls detected from any analysis. Because flying owls could be observed at approx-
imately 50 m distance from an observer, observations were conducted 30 m from both attraction and treatment 
points using a night scope (ATN Night Spirit XT, California, USA) and binoculars (MONARCH 8 ×  42, NIKON 
CORPORATION, Tokyo, Japan).
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We used Generalized Linear Model (GLM) with Gaussian error to examine how TN 
decreases with distance from a road. We treated SPL as a response variable, and distance from a road (m) and its 
quadratic term (m2) as explanatory variables.

We examined effects of TN on owl’s ability to detect prey using Generalized Linear Mixed Model (GLMM) 
with Binomial error. We treated whether owls detected APRS at the treatment point as the response variable, SPL 
of TN, or ambient SPL measured prior to the start of control trials, species ID (long- or short-eared owl) and the 
interaction of these variables as explanatory variables. Plot ID and Study region (Yufutsu or Sendai) were treated 
as random variables. Although identifying whether the same individuals were recorded within a specific plot was 
difficult due to low light levels, treating plot ID as a random effect can account for possible repeated sampling of 
the same individuals. For experiments with control sound, SPL measured before the start of the experiments was 
used. We constructed models for the combinations of all possible covariates, ranked them by Akaike’s information 
criterion for small sample size (AICc), and considered covariates in the best model as meaningful predictors. 
These analyses were conducted using “lme4” (v. 1.1–5)26 and “MuMIn”(v. 1.9.13)27 with R software (v. 2.15.3)28.

All experiments were performed in accordance with relevant guidelines and regula-
tions. All experimental protocols were approved by the Japanese Ministry of the Environment.
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Declaration of Douglas J. Tempel 

 I, Douglas J. Tempel, declare as follows: 

 1. I am a wildlife ecologist and a resident of Tucson, Arizona. 

 2. My academic training includes a Bachelor of Science degree in chemical 

engineering from the University of Notre Dame in 1987, a Master’s of Science degree in 

wildlife conservation from the University of Minnesota in 2002, and a Ph.D. in natural 

resources science and management (wildlife ecology and management track) from the 

University of Minnesota in 2014. 

 3. I have nearly 30 years of diverse work experience in natural resource fields 

including wildlife ecology, wilderness management, and fire ecology. 

 4. Importantly, I have participated in scientific research on California spotted 

owls for more than 20 years. Spotted owls were the subject of both my Master’s thesis 

and Ph.D. dissertation. As part of my Master’s thesis, I studied the effects of chainsaw 

noise on spotted owl behavior and stress hormone levels, which is directly relevant to the 

subject of this declaration. While completing my dissertation on spotted owl population 

ecology, I served for 7 years as the Project Leader for a long-term population study in 

California’s Sierra Nevada. In subsequent years, I continued to study spotted owls as a 

research associate at the University of Wisconsin with a primary focus on how wildfires 

affect spotted owl populations. I have published 16 peer-reviewed journal articles related 

to spotted owl population dynamics, habitat use, and physiology. Finally, I served as a 

member on a U.S. Forest Service conservation assessment team for the California spotted 
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owl during 2015-16 in which we summarized the current state of knowledge about the 

owl and made management recommendations for owl conservation. 

 5. A copy of my curriculum vitae is attached to this declaration. 

 6. As a result of my training and experiences, I have extensive knowledge of 

the biology, management, and conservation of spotted owl populations. 

 7. I have reviewed documents describing and analyzing the proposed 

Sunnyside Exploration Drilling Project and Flux Canyon Exploration Drilling Project in 

the Patagonia Mountains region of the Coronado National Forest. Specifically, I have 

reviewed the following: (1) Biological Assessment for Sunnyside Exploration Drilling 

Project, prepared by Logan Simpson (August 2020); (2) U.S. Fish and Wildlife Service 

Biological Opinion for the Sunnyside Exploration Drilling Project (December 1, 2022); 

(3) U.S. Forest Service Environmental Assessment for the Sunnyside Exploration 

Drilling Project (January 2023); (4) U.S. Forest Service Decision Notice and Finding of 

No Significant Impact for the Sunnyside Exploration Drilling Project (June 16, 2023); (5) 

Biological Assessment for Flux Canyon Exploration Drilling Project (May 10, 2022); (6) 

U.S. Fish and Wildlife Service Letter concerning Proposed Flux Canyon Exploration 

Drilling Project (September 23, 2022); and (7) U.S. Forest Service Decision Memo for 

Flux Canyon Exploration Drilling Project (May 30, 2023). I reviewed these documents 

for the specific purpose of assessing these Projects’ likely impact on Mexican spotted 

owls.  

 8. Implementation of the Sunnyside Exploration Drilling Project threatens a 

significant impact to affected Mexican spotted owls due to chronic noise effects from 
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Project activities. Portions of five Mexican spotted owl protected activity centers (PACs) 

occur within the action area for this proposed Project. Surveying history indicates long-

term Mexican spotted owl occupancy with frequent nesting at one of these PACs (#03-

020), with repeated observations at another PAC (#03-025) as well. This survey history 

indicates that at least PAC #03-020 is likely a very important PAC for this species in the 

Patagonia Mountains area.  

9. Project activities are proposed to occur primarily within and adjacent to 

PACs #03-020 and #03-025, along with PAC #03-024. During drilling operations, up to 

two drill rigs will be active at any one time and they will be operated 24 hours per day for 

seven days a week for up to seven years, followed by a reclamation period of at least five 

additional years. It is anticipated that drilling activities and other proposed activities in 

the project area, such as road construction and reclamation, will produce elevated levels 

of noise that are likely to affect the behavior and activities of Mexican spotted owls in the 

affected area. Planned mitigation measures include a prohibition on drilling activities 

within the “core area” of a Mexican spotted owl PAC from March 1 through August 31 

unless it has been determined through surveys that the PAC is unoccupied or the owls are 

not nesting, and requirements for lighting to be pointed downward and all internal 

combustion engines to be fitted with a properly operating muffler. 

 10. The chronic noise impacts caused by this proposed round-the-clock Project 

activity are likely to significantly impair the affected Mexican spotted owls’ ability to 

successfully forage for their prey species. These owls rely on hearing to hunt at night and 

have highly sensitive, directional hearing that enables them to locate their prey. Chronic 
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noise disturbance in proximity to their roosting and nesting sites threatens to mask the 

sounds that owls rely upon to successfully hunt. This would reduce the owls’ hunting 

success and thereby impair their ability to obtain sufficient food to sustain themselves 

within the affected habitat. There would be no break in the Project’s interference with the 

owls’ foraging ability given Project plans for round-the-clock drilling. 

11. In fact, two papers published in reliable scientific journals indicate that 

owls’ ability to hunt successfully becomes significantly impaired due to interference from 

chronic noise at levels well below the noise impacts associated with the proposed 

Sunnyside Project. One paper—Mason, et al., Anthropogenic noise impairs owl hunting 

behavior, Biological Conservation 199 (2016) 29-32—determined that members of a 

different owl species, the Northern saw-whet owl, suffered decreased ability to detect and 

successfully capture a mouse only 2.5 meters away when exposed to chronic noise levels 

of about 50 dB(A), and these owls were unable to capture any mice at all when exposed 

to chronic noise levels above 61 dB(A). The second paper—Senzaki, et al., Traffic noise 

reduces foraging efficiency in wild owls, Scientific Reports 6, 3002; doi: 

10.1038/srep30602 (2016)—determined that members of two other owl species, long-

eared owls and short-eared owls, suffered a reduced ability to detect their prey even at 40 

dB(A) of persistent traffic noise, with increasing impacts as noise levels amplified up to 

80 dB(A), where prey detectability was near zero. These scientific research results are 

depicted in the following two figures from these two papers: 
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The probability of an owl detecting, striking, and successfully capturing a 
mouse by sound level (dBA). The control averaged 29 dB(A); the loudest 

-
best model for each component of the attack sequence. Shading represents 
standard errors. 

Source: Mason, et al. (2016), page 31, Figure 2. 

Estimated owls’ ability to detect prey under noise exposure levels (with 
95% CI). “C” indicates control experiments. Detectability at C is estimated 
using average background sound level (32 dB). Top figures indicate 
number of experiments (number of owls analyzed). 

Source: Senzaki, et al. (2016), page 3, Figure 3(a). 
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12. These findings are likely to be representative of chronic noise impacts on

Mexican spotted owls because, like the owl species involved in the cited papers, Mexican 

spotted owls rely heavily upon auditory cues when hunting. These findings therefore 

indicate that chronic noise impacts from the proposed Sunnyside Project would seriously 

compromise the affected spotted owls’ ability to hunt in the Project area and surrounding 

vicinity. In fact, the noise attenuation projections for the Sunnyside Project that were 

utilized in the Biological Assessment for this Project (Table 5-1) indicate that, even up to 

1,600 feet from drilling and construction equipment, noise from the Project is expected to 

exceed the 61 dB(A) threshold that was associated with no owl hunting success in 

Mason, et al. (2016). These attenuation projections further indicate that Project noise is 

expected to reach Senzaki, et al. (2016)’s documented threshold for impacts on owls’ 

ability to detect prey—40 dB(A)—as far as 12,800 feet (more than two miles) from the 

noise source. 

13. Because of the likelihood that the Sunnyside Project’s chronic noise

impacts will extensively interfere with the affected Mexican spotted owls’ ability to 

forage throughout a large area surrounding the proposed drilling and construction 

activity, there is also a high likelihood that the affected owls will permanently abandon 

territories in the impacted area for at least the full duration of proposed drilling activities 

(i.e., up to seven years), and potentially longer depending on the extent of disturbance 

associated with subsequent reclamation activities. Successful foraging is essential for the 

resident owls to feed themselves. The PACs where owls have recently been documented 

in the Project area would appear to provide productive habitat based on long-term owl 
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occupancy, indicating sufficient prey populations to enable successful owl foraging. 

However, the chronic noise impacts that would be caused by the Sunnyside Project 

threaten to convert this currently productive habitat into unproductive habitat by 

interfering with the owls’ ability to successfully locate their prey in this area. Simply put, 

if the owls cannot successfully hunt in the affected area, they will have to go elsewhere. 

14. The Forest Service’s analysis of the Sunnyside Project does not dispel these

threats. The Forest Service determined that the Sunnyside Project would cause no 

significant impact to Mexican spotted owls by relying on the determinations contained in 

the U.S. Fish and Wildlife Service Biological Opinion dated December 1, 2022 (Forest 

Service Decision Notice at 19-20). The Biological Opinion (at page 35) determined that 

“[n]oise levels in the project vicinity are expected to attenuate below the threshold level 

for injury of owls (92 dBA per Delaney et al. 1999) at approximately 100 feet from any 

drill area or area of heavy equipment use.” The Biological Opinion (at page 40) further 

determined that owls “experiencing short-term harm” from the proposed Project “may 

fail to successfully rear young or may depart in one or more breeding seasons, but will 

not likely permanently desert the area because of the disturbance (Delaney et al. 1999).” 

15. This analysis does not dispel the threat posed by the Sunnyside Project’s

chronic noise impacts because the threshold noise level that the Biological Opinion used 

to identify injury to owls—92 dB(A)—is well above the thresholds at which both Mason, 

et al. (2016) and Senzaki, et al. (2016) documented that chronic noise caused complete or 

near-complete preclusion of successful hunting by owls. Further, the Biological 

Opinion’s repeated citations to Delaney, et al. (1999) do not support its conclusions. 
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These citations refers to a paper—Delaney, et al., Effects of Helicopter Noise on Mexican 

Spotted Owls, Journal of Wildlife Management 63(1):60-76 (1999)—that documented 

specific responses by Mexican spotted owls to less than 10 minutes of helicopter 

disturbance and 5 minutes of chain saw disturbance per day. Comparing these relatively 

short, time-limited disturbances to the chronic round-the-clock noise impacts of the 

proposed Sunnyside Project is like comparing apples to oranges. In fact, Delaney, et al. 

(1999) cautioned against using their findings to infer how spotted owls would respond to 

more frequent disturbances. As for the 92 dB(A) injury threshold that the Biological 

Opinion attributed to Delaney, et al. (1999), that paper identified the 92 dB(A) sound 

level as a threshold only for the studied owls’ response of flushing from a roost when 

exposed to helicopter disturbance. It did not purport to identify that noise level as a 

threshold for any other type of injury to owls, and specifically did not attempt to assess or 

identify a threshold for the impacts of chronic noise on owl foraging success. Further, 

although the Biological Opinion again cited Delaney, et al. (1999) to support its 

determination that owls might seasonally depart the Sunnyside Project area but were not 

likely to permanently desert the area, the Delaney, et al. (1999) paper did not examine 

any questions about owl desertion of territories in response to noise disturbance. 

16. The Forest Service also determined (at page 33 of the Environmental

Assessment) that the Sunnyside Project might cause temporary avoidance of habitats by 

owls, but “it is more likely that owls would shift their activities within their existing 

home ranges to avoid areas with increased human activities.” This supposition also does 

not dispel the threat posed to Mexican spotted owls by the Sunnyside Project because it 
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does not acknowledge the potential for cumulative disturbance effects. It appears that the 

Sunnyside Project would operate simultaneously with other development activities that 

are ongoing or proposed in nearby areas, including the Flux Canyon Exploratory Drilling 

Project, which also involves round-the-clock drilling with associated chronic noise. The 

ability of owls affected by the Sunnyside Project to move elsewhere will be constrained 

by disturbance from these other projects. Moreover, a critical feature of a suitable 

territory for spotted owls is the presence of appropriate roosting and nesting habitat. Even 

if owls affected by the Sunnyside Project were able to successfully forage in areas that 

are distant from that Project, there is no indication that they could find suitable roosting 

habitat if they had to abandon the PACs that will be disturbed by that Project. In fact, the 

owls’ long-term occupancy of some of the PACs that will be disturbed by the Sunnyside 

Project likely indicates that suitable nesting and roosting habitat is in limited supply in 

surrounding areas. If alternative such habitats were readily available, it is likely that owls 

would already be occupying them. For all these reasons, the threat that affected owls 

would permanently abandon currently occupied territories in the Sunnyside Project area 

is not dispelled by speculation that they could shift their activities elsewhere. 

17. Finally, for many of the same reasons already discussed, the mitigation

measures relied upon in the Environmental Assessment (at page 34) and Biological 

Opinion (at page 38) will not reduce the impact that the Sunnyside Project’s chronic 

noise would have on the owls’ foraging ability. These mitigation measures appear largely 

to be focused on reducing disturbances that might cause a roosting owl to flush. 

However, as discussed, the primary impact of the Sunnyside Project on Mexican spotted 
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owls will be chronic noise that interferes with the owls’ ability to forage within their 

territory. The mitigation measures discussed in the Environmental Assessment and 

Biological Opinion do not meaningfully mitigate that impact. For instance, even if 

mitigation measures were taken to prohibit drilling and other activities within the “core 

area” of a PAC during the owls’ breeding season, chronic noise from Project activities 

would continue to interfere with the owls’ ability to procure food during the remainder of 

the year, at least. Their reduced ability to hunt prey at all times of the year may cause 

them to permanently abandon their territories in the impacted area for at least the full 

duration of proposed drilling activities. 

Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury that the foregoing 

is true and correct. 

Executed on June 26, 2023 in Nevada City, California. 

________________________________ 
Douglas J. Tempel 
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HERMOSA PROJECT UPDATE 

Conference call at 11.00am Australian Western Standard Time, details overleaf. 

South32 Limited (ASX, LSE, JSE: S32; ADR: SOUHY) (South32) is pleased to provide an update following 
completion of a pre-feasibility study (PFS) for the Taylor Deposit, which is the first development option at our 
100% owned Hermosa project located in Arizona, USA. 

The PFS results support Taylor’s potential to be the first development of a multi-decade operation, establishing 
Hermosa as a globally significant producer of metals critical to a low carbon future, delivering attractive returns 
over multiple stages. An initial development case demonstrates a sustainable, highly productive zinc-lead-silver 
underground mine and conventional process plant, in the first quartile of the industry cost curve1.   

The Taylor Deposit will progress to a feasibility study, including work streams designed to unlock additional value 
by optimising operating and capital costs, extending the life of the resource and further assessing options 
identified to target a carbon neutral operation. Completion of the feasibility study and a final investment decision 
to construct Taylor are expected in mid CY23.  

Separately, a scoping study( a) for the spatially linked Clark Deposit has confirmed the potential for a separate, 
integrated underground mining operation producing battery-grade manganese, as well as zinc and silver. 
Clark has the potential to underpin a second development stage at Hermosa, with future studies to consider the 
opportunity to integrate its development with Taylor, potentially unlocking further operating and capital 
efficiencies.   

While exploration drilling to date has been focused on the Taylor and Clark Deposits, we have continued to 
complete surface geophysics, soil sampling and other exploration programs across our land package. 
This work has resulted in the definition of a highly prospective corridor including Taylor and Clark as well as the 
Peake and Flux exploration targets( b) which will be prioritised for drill testing in CY22.   

Further details of the Taylor PFS are contained in the attached report and accompanying presentation.  

South32 Chief Executive Officer, Graham Kerr said: “The Taylor Deposit provides an important first development 
option for our Hermosa project in Arizona, USA. The project has the potential to sustainably produce the metals 
critical for a low carbon future across multiple decades from different deposits.   

“Completing the pre-feasibility study for the Taylor Deposit is an important milestone that demonstrates its 
potential to be a globally-significant and sustainable producer of base and precious metals in the industry’s first 
cost quartile. Beyond Taylor, Clark offers the potential to realise further value from our investment in Hermosa 
through the production of battery-grade manganese, a mineral designated as critical in the United States.  

“Additional exploration targets around Taylor and Clark are indicative of further upside while the broader land 
package contains highly prospective areas for polymetallic and copper mineralisation.   

“We are designing the Taylor Deposit to be our first ‘next generation mine’, using automation and technology to 
minimise our impact on the environment and to target a carbon neutral operation in line with our goal of achieving 
net zero operational carbon emissions by 2050.  

“The future development of Taylor provides a platform from which to realise Hermosa’s immense potential. It will 
further strengthen our portfolio and align with the already substantial growth in production of metals critical to a 
low carbon future that we have embedded in the portfolio over the past six months.”   

                                                             
a The references to the scoping study in respect of the Clark Deposit are to be read in conjunction with the cautionary statement in footnote 2 on 

page 18 of this announcement.  
b The references to the Exploration Target for the Hermosa project (including Peake) are to be read in conjunction with the cautionary statement in 

footnote 3 on page 18 of this announcement. 
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Conference call 

South32 will hold a conference call at 11.00am Australian Western Standard Time (2.00pm Australian Eastern 
Daylight Time) on 17 January 2022 to provide an update of the Hermosa project including Q&A, the details of 
which are as follows: 

Conference ID 

Please pre-register for this call at link. 

Website 

A replay of the conference call will be made available on the South32 website.   

 

HERMOSA PROJECT  

Hermosa is a polymetallic development option located in Santa Cruz County, Arizona, and is 100% owned by 

South32. It comprises the zinc-lead-silver Taylor sulphide deposit (Taylor Deposit), the zinc-manganese-silver 

Clark oxide deposit (Clark Deposit) and an extensive, highly prospective land package with the potential for further 

polymetallic and copper mineralisation. Hermosa is well located with excellent access to skilled people, services 

and transport logistics.  

We have completed a PFS for the Taylor Deposit, our first development option at Hermosa. The Taylor Deposit is a 

large, carbonate replacement massive sulphide deposit which extends to a depth of approximately 1,200m over an 

approximate strike length of 2,500m and width of 1,900m. The Mineral Resource estimate for the 

Taylor Deposit is 138Mt, averaging 3.82% zinc, 4.25% lead and 81 g/t silver4. The deposit remains open at depth and 

laterally, offering further exploration potential.  

The preferred mine design applied to the PFS is a dual shaft access mine which prioritises higher grade 

mineralisation early in the mine’s life. The mining method is longhole open stoping, with the geometry of the 

orebody enabling the operation of multiple concurrent mining areas. This supports our assumption of an initial 

22 year resource life5 with high mining productivity. Ramp up to nameplate capacity( c) of up to 4.3 million tonnes 

per annum (Mtpa)7 is expected to be achieved in a single stage. The process design applies a conventional sulphide 

ore flotation circuit producing separate zinc and lead concentrates with substantial silver credits.     

In addition to the current Mineral Resource estimate for Taylor, we have defined an Exploration Target ranging from 

10 to 95Mt3 indicating the potential for further exploration upside. The exploration opportunity at Taylor includes 

depth and extensional opportunities as well as new prospects in proximity to the deposit. We have identified an 

Exploration Target at depth to the Taylor Deposit known as Peake, with initial drilling results returning copper and 

polymetallic mineralisation. Further drilling at Peake is planned in CY22. 

Separately, we have completed a scoping study for the spatially linked Clark Deposit, confirming the potential for 

an underground mining operation producing battery-grade manganese, as well as zinc and silver. 

We are undertaking a PFS for Clark  to increase our confidence in the mining and processing assumptions of a 

preferred development option and customer opportunities in the rapidly growing battery-grade manganese 

markets.       

The Clark Deposit is interpreted as the upper oxidised, manganese-rich portion of the mineralised system that hosts 

Taylor. As we advance both our Taylor and Clark studies, we maintain the option to merge this work and assess an 

integrated underground mining operation. While such a scenario would require separate processing circuits to 

produce base and precious metals, and battery-grade manganese, an integrated development has the potential to 

unlock further operating and capital efficiencies.      

Our third focus at Hermosa remains on unlocking value through exploration of our regional scale land package. 

Through the completion of surface geophysics, soil sampling, mapping and interpretation of recently acquired data, 

we have identified a highly prospective corridor which will be prioritised for future drilling. Within this corridor, we 

plan to drill the Flux prospect following receipt of required permits, anticipated in the second half of CY22. The Flux 

prospect is located down-dip of a historic mining area that has the potential for carbonate hosted, Taylor-like 

mineralisation8.     

STRATEGIC ALIGNMENT  

We continue to actively reshape our portfolio for a low carbon future, investing in opportunities that increase our 

exposure to base and precious metals, with strong demand fundamentals and low carbon production intensity. The 

Taylor Deposit is our most advanced development option at the Hermosa project, which has the potential to provide 

a multi-decade platform at the operation that would further improve the Group’s exposure to the metals required 

for the transition to a low carbon future.           

                                                             
c The references to all Production Targets and resultant financial forecast information in this announcement is to be read in conjunction with the 

cautionary statement in footnote 6 on page 18 of this announcement. The key facts and material assumptions to support the reasonable basis for 

this information is provided in Annexure 2 of this announcement. 
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SUSTAINABLE DEVELOPMENT 

Sustainable development is at the heart of our purpose at South32 and forms an integral part of our strategy. 

The Taylor Deposit has been designed as our first “next generation mine” using automation and technology to drive 

efficiencies, minimise our impact and reduce carbon emissions. We have completed initial work programs and 

studies with respect to our communities, cultural heritage, environment and water, and any future development at 

Hermosa will be consistent with our approach to sustainable development.     

The Taylor Deposit has been designed as a low-carbon operation, with the feasibility study to target the further 

potential to achieve carbon neutrality. This may be achieved through identified options to access 

100% renewable energy from local providers, and the potential use of battery electric vehicles and underground 

equipment. The development of the Taylor Deposit would be consistent with our commitment to a 50% reduction 

in our operational carbon emissions by FY35 and net zero by 2050.  

CAPITAL MANAGEMENT FRAMEWORK  

A final investment decision for the Taylor Deposit and its potential tollgate to construction will be assessed within 

our unchanged capital management framework. Our framework, which prioritises investment in safe and reliable 

operations, an investment grade credit rating and returns to shareholders via our ordinary dividends, also seeks to 

establish and pursue options that create enduring value for shareholders, such as capital investments in new 

projects. Our preferred funding mechanism for any future developments at Hermosa will be consistent with our 

commitment to an investment grade credit rating through the cycle that supports our strong balance sheet.    

PFS HIGHLIGHTS  

The PFS results demonstrate Taylor’s potential to be a globally significant producer of green metals critical to a low 

carbon future, in the first quartile of the industry cost curve. Taylor has the potential to underpin a regional scale 

opportunity at Hermosa, with ongoing activities to unlock additional value from the Clark Deposit and exploration 

opportunities across the regional land package.  

 Our initial development scenario outlines the potential for a large scale, highly productive underground mine  

- Dual shaft access which prioritises higher grade ore in early years  

- Proposed mining method is low technical risk, employing longhole open stoping with paste backfill  

- Single stage ramp-up to nameplate production of up to 4.3Mtpa 

- Conventional sulphide ore flotation circuit  

 Potential to be a globally significant producer of metals for a low carbon future  

- PFS estimates annual average production ~111kt zinc, ~138kt lead and ~7.3Moz silver 

(~280kt zinc equivalent (ZnEq)9, with output ~20% higher across the years of steady state production10  

- Zinc is used in renewable energy infrastructure such as solar and wind for energy conversion and to protect 

against corrosion; silver is a key element used in solar panels; while lead demand is expected to be 

supported by its use in renewable energy storage systems  

 Potential for a low cost operation in the industry’s first quartile  

- Average Operating unit costs ~US$81/t ore milled (all-in sustaining cost (AISC)11 ~US$(0.05)/lb ZnEq) 

benefitting from high underground productivity    

 Directs capital to establish a multi-decade base metals operation and platform for growth at Hermosa 

- Project capital of ~US$1,230M (direct) and ~US$470M (indirect) to establish the first development option   

- Low sustaining capital ~US$40M per annum  

- Potential to realise capital efficiencies through an integrated development of Taylor and Clark   

 A large Mineral Resource with substantial exploration potential   

- Taylor Deposit supports an initial resource life of ~22 years, and remains open at depth and laterally  

- 10 to 95Mt Exploration Target identified, indicating the potential for further exploration upside   

- Copper-lead-zinc-silver mineralisation intercepted at the proximal Peake prospect  

 Pursues the sustainable development of critical metals  

- We are investing in local programs and partnerships that reflect the priorities of our communities 

- We are committed to working with Native American tribes to protect cultural resources   

- We have completed key biodiversity, ecosystem and water studies    

- We are pursuing a pathway to net zero carbon emissions with identified options for renewable energy  
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FURTHER OPPORTUNITIES TO UNLOCK VALUE  

 

Reflecting the early stage nature of the project we have identified numerous opportunities to unlock further value 

at Taylor that will be pursued prior to a final investment decision. Opportunities identified include the potential to:    

 Extend the resource life, which is underpinned by the current Taylor Mineral Resource estimate and does not 

include the further potential identified in our Exploration Target.  

 Reduce operating costs through: 

- Further optimisation of the mining schedule, power consumption and comminution circuit; 

- Supplying smelters in the Americas to realise a material reduction in transport costs; and 

- Adopting emerging technologies and further automation opportunities, targeting enhanced productivity.  

 Reduce capital costs through further optimisation of the shaft design, construction and procurement.  

 Achieve a carbon neutral operation through access to 100% renewable energy from local suppliers. 

 Integrate the underground development with the Clark Deposit.   

NEXT STEPS  

Taylor will now progress to a feasibility study which is targeted for completion in mid CY23. To maintain the preferred 

development path in the PFS, critical path items including construction and installation of infrastructure to support 

additional orebody dewatering is planned to commence in H2 FY22. Total pre-commitment capital expenditure 

associated with dewatering of approximately US$55M is expected in H2 FY22, with further investment expected in 

FY23. This expenditure is included in the growth capital estimate in Table 1 below.  

 

The PFS assumes a single stage ramp-up to the nameplate production rate. Based on the PFS schedule, and subject 

to a final investment decision and receipt of required permits, shaft development is expected to commence in FY24. 

First production is targeted in FY27 with surface infrastructure, orebody access, initial production and tailings 

storage expected on patented lands which require state-based approvals. Surface disturbance and additional 

tailings storage on unpatented land will require completion of the National Environmental Policy Act (NEPA) process 

with the United States Forest Service (USFS). The project may benefit from the classification of metals found at 

Hermosa as critical minerals in the United States. Zinc is proposed to be added as a critical mineral by the U.S. 

Geological Survey while manganese (found at the Clark Deposit) already has this designation.    

PFS SUMMARY RESULTS  

 

Key PFS outcomes are summarised below. Given the project’s early stage nature, the accuracy level in the PFS for 

operating costs and capital costs is -15% / +25%. The cost estimate has a base date of H1 FY22. Unless stated 

otherwise, currency is in US dollars (real) and units are in metric terms.  

Table 1: Key PFS outcomes  

     

Production  

Nameplate production capacity Mtpa ~4.3 

Resource life Years ~22 

Head grades (average)  %, g/t  4.1% Zn, 4.5% Pb, 82 g/t Ag 

Annual payable zinc production (average / steady state10) kt ~111 / ~130 

Annual payable lead production (average / steady state) kt  ~138 / ~166 

Annual payable silver production (average / steady state)   Moz ~7.3 / ~8.7 

Annual payable ZnEq production9 (average / steady state)  kt ~280 / ~340 

Operating 

costs 

Operating unit costs (per tonne ore milled) US$/t ~81 

Operating unit costs (per lb ZnEq) US$/lb ZnEq ~(0.71) 

Capital 

expenditure  

Direct growth capital US$M ~1,230 

Indirect growth capital  US$M ~470 

Sustaining capital (annual average)  US$M ~40 

   



 

HERMOSA PROJECT UPDATE 

TAYLOR DEPOSIT PFS  

 

The PFS for the Taylor Deposit provides confirmation that it is a technically robust project that has the potential to 

deliver an attractive return on investment. The PFS is based on an underground zinc-lead-silver mine development 

using longhole open stoping and a conventional sulphide ore flotation circuit producing separate zinc and lead 

concentrates, with silver by-product credits. The preferred development scenario is based on a mining and 

processing rate of up to 4.3Mtpa, with a resource life of approximately 22 years.  

 

The PFS was completed with input from consultants including Fluor for the process plant and on-site infrastructure, 

SRK Consulting for geological and technical reviews, Stantec for mining studies, NewFields for hydrogeology, 

Montgomery & Associates for dewatering and tailings, Black and Veatch, and BQE for water treatment design and 

CPE for off-site roads. The PFS has been subject to an independent peer review.  

 

Mineral Resource estimate  

The Taylor Deposit is a carbonate replacement style zinc-lead-silver massive sulphide deposit. It is hosted in 

Permian carbonates of the Pennsylvanian Naco Group of south-eastern Arizona. The Taylor Deposit comprises the 

upper Taylor sulphide (Taylor Mains) and lower Taylor deeps (Taylor Deeps) domains that have a general northerly 

dip of 30° and are separated by a low angle thrust fault.  

The Taylor Mineral Resource estimate is reported in accordance with the JORC Code (2012) at 

138Mt, averaging 3.82% zinc, 4.25% lead and 81 g/t silver with a contained 5.3Mt of zinc, 5.9Mt of lead and 

360Moz of silver. The Mineral Resource estimate is reported using a net smelter return (NSR) cut-off value of 

US$80/t for material considered extractable by underground open stoping methods.  

The Taylor Deposit has an approximate strike length of 2,500m and a width of 1,900m. The stacked profile of the 

thrusted host stratigraphy extends 1,200m from near-surface and is open at depth and laterally. It is modelled as 

one of the first carbonate replacement deposit occurrences in the region, with all geological and geochemical 

information acquired to date being consistent with this model.   

Figure 1: Taylor Mineral Resource 
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Exploration Target  

The Taylor Mineral Resource is within a highly prospective mineralised system and is open at depth and laterally, 

offering the potential for further exploration upside.  

We have completed work aimed at developing an unconstrained, spatial view of the Exploration Target at the 

Taylor Deposit, considering extensional and near-mine exploration potential.  

The Hermosa project has sufficient distribution of drill data to support evaluation of the size and quality of 

Exploration Targets. Tables of individual drill hole results are provided in Annexure 1 of this announcement, 

as well as a listing of the total number of holes and metres that support the assessment of the Exploration Target 

size and quality.  

The tonnage represented in defining Exploration Targets is conceptual in nature. There has been insufficient 

exploration to define a Mineral Resource and it is uncertain if further exploration will result in the determination of 

a Mineral Resource. It should not be expected that the quality of the Exploration Targets is equivalent to that of the 

Mineral Resource.  

Estimations were performed using resource range analysis, in which deterministic estimates of potential volumes 

and grades are made over a range of assumptions on continuity and extensions that are consistent with available 

data and generic models of carbonate replacement, skarn and vein styles of mineralisation. 

The estimates are supported by exploration results from prospects in and around the Taylor Mineral Resource. 

These results are all of carbonate replacement, skarn, and vein styles of mineralisation and are currently explored 

at varying degrees of maturity and exploration drilling density.  

Outcomes for the Exploration Target are provided in Table 2 below. The mid case Exploration Target is 

approximately 45Mt. 

Table 2: Ranges for the Exploration Target for Taylor sulphide mineralisation (as at 31 December 2021) 

 
Low Case Mid Case High Case 

 
Mt  

% 

Zn 

% 

Pb 

g/t 

Ag 
Mt

% 

Zn 

% 

Pb 

g/t 

Ag 
Mt 

% 

Zn 

% 

Pb 

g/t 

Ag 

Sulphide 10 3.8 4.2 81 45 3.4 3.9 82 95 3.6 4.0 79 

Notes: 

a) Net smelter return cut-off (US$80/t): Input parameters for the NSR calculation are based on South32’s long term forecasts 

for zinc, lead and silver pricing, haulage, treatment, shipping, handling and refining charges. Metallurgical recovery 

assumptions are 90% for zinc, 91% for lead, and 81% for silver. 

b) All masses are reported as dry metric tonnes (dmt). All tonnes and grade information have been rounded to reflect relative 

uncertainty of the estimate, hence small differences may be present in the totals. 

   



 

HERMOSA PROJECT UPDATE 

Peake prospect 

Our drilling programs at the Taylor Deposit have focused on improving confidence in the mine plan for the potential 

development, extending the resource and testing near-mine exploration prospects. 

As part of our work on near-mine exploration targets, we have intersected the skarn hosted copper-lead-zinc-silver 

Peake prospect, located south of the Taylor Deposit at a depth of approximately 1,300-1,500m. To date, 

13 drill holes have been completed at Peake, a deeper zone prospective for copper mineralisation, returning 

results that intersected copper, lead, zinc and silver. The geological model interpreted from these results and other 

recently acquired data indicates the potential for a continuous structural and lithology-controlled system 

connecting Taylor Deeps and Peake. Further exploration drilling is planned in CY22. 

Selected exploration drilling results from the Peake prospect are shown in Table 3 below. 

Table 3: Selected Peake drilling results   

Hole ID 
From 

(m) 

To 

(m) 
Cut off 

Width 

(m) 

Zinc 

(%) 

Lead 

(%) 

Silver 

(ppm) 

Copper 

(%) 

HDS-540 

1279.2 1389.0 0.2% Cu 109.7 0.1 0.3 15 0.62 

Including 

1303.6 1309.7 0.2% Cu 6.1 0.2 0.4 61 3.48 

HDS-552 

1308.2 1384.7 0.2% Cu 76.5 0.2 0.4 25 1.52 

Including 

1309.9 1328.6 0.2% Cu 18.8 0.1 0.2 40 2.77 

And 

1364.3 1384.7 0.2% Cu 20.4 0.1 0.3 37 2.44 

HDS-661 

1322.2 1374.6 0.2% Cu 52.4 0.1 1.1 105 1.73 

Including 

1322.2 1346.0 0.2% Cu 23.8 0.1 0.8 81 3.32 

Including 

1322.2 1330.1 0.2% Cu 7.9 0.1 0.4 81 7.89 

1386.8 1460.6 0.2% Cu 73.8 0.5 0.7 67 1.06 

Including 

1399.6 1410.3 0.2% Cu 10.7 0.7 1.5 227 2.84 

HDS-717 1456.6 1466.7 0.2% Cu 10.1 0.5 1.0 78 2.57 

 

All exploration drilling results from the Peake prospect are shown in Table 4 below. All drill intersections used to 

define the Exploration Target are included in Annexure 1 of this announcement.   

Table 4: All Peake drilling results   

Hole ID 
From 

(m) 

To 

(m) 
Cut off 

Width 

(m) 

Zinc 

(%) 

Lead 

(%) 

Silver 

(ppm) 

Copper 

(%) 

HDS-535 No significant intersection 

HDS-540 

1279.2 1389.0 0.2% Cu 109.7 0.1 0.3 15 0.62 

Including

1303.6 1309.7 0.2% Cu 6.1 0.2 0.4 61 3.48 

1469.7 1488.0 0.2% Cu 18.3 0.0 0.0 10 0.63 

HDS-545 No significant intersection 

HDS-549 1169.5 1175.6 0.2% Cu 6.1 1.5 1.6 312 1.92 

HDS-551 

1100.6 1111.6 0.2% Cu 11.0 0.0 0.2 10 0.39 

1254.9 1280.8 0.2% Cu 25.9 0.0 0.0 10 0.54 

1294.5 1372.8 0.2% Cu 78.3 0.0 0.1 10 0.51 

HDS-552 
1265.8 1273.9 0.2% Cu 8.1 0.2 0.5 27 0.39 

1308.2 1384.7 0.2% Cu 76.5 0.2 0.4 25 1.52 
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Hole ID 
From 

(m) 

To 

(m) 
Cut off 

Width 

(m) 

Zinc 

(%) 

Lead 

(%) 

Silver 

(ppm) 

Copper 

(%) 

Including 

1309.9 1328.6 0.2% Cu 18.8 0.1 0.2 40 2.77 

And 

1364.3 1384.7 0.2% Cu 20.4 0.1 0.3 37 2.44 

1478.9 1484.8 0.2% Cu 5.9 1.0 1.5 57 0.41 

HDS-557 No significant intersection 

HDS-661 

1298.4 1305.2 2% ZnEq 6.7 0.6 3.4 249 0.89 

1322.2 1374.6 0.2% Cu 52.4 0.1 1.1 105 1.73 

Including 

1322.2 1346.0 0.2% Cu 23.8 0.1 0.8 81 3.32 

Including 

1322.2 1330.1 0.2% Cu 7.9 0.1 0.4 81 7.89 

1386.8 1460.6 0.2% Cu 73.8 0.5 0.7 67 1.06 

Including 

1399.6 1410.3 0.2% Cu 10.7 0.7 1.5 227 2.84 

And 

1424.0 1446.9 0.2% Cu 22.9 0.5 0.6 45 1.24 

1555.1 1573.1 0.2% Cu 18 3.2 1.4 87 0.37 

HDS-662 
1316.4 1329.2 0.2% Cu 12.8 3.4 4.4 137 0.95 

1540.8 1546.7 2% ZnEq 5.9 5.9 2.1 250 0.45 

HDS-663 
1580.1 1591.8 0.2% Cu 11.7 0.1 0.0 16 0.95 

1615.9 1651.1 0.2% Cu 35.2 1.1 0.1 27 0.56 

HDS-691 

1343.6 1353.6 2% ZnEq 10.1 3.8 3.5 61 0.47 

1384.7 1395.4 0.2% Cu 10.7 2.7 2.9 38 1.03 

1405.9 1415.2 0.2% Cu 9.3 0.5 0.7 11 0.26 

1421.3 1452.1 0.2% Cu 30.8 0.7 0.8 22 0.59 

1463.6 1509.7 0.2% Cu 46.0 0.4 0.5 21 0.43 

1540.6 1549.3 0.2% Cu 8.7 0.3 0.9 51 0.61 

1563.9 1581.3 0.2% Cu 17.4 0.2 0.2 23 0.55 

1662.7 1677.9 0.2% Cu 15.2 2.8 1.1 155 1.19 

1683.4 1692.6 2% ZnEq 9.1 1.5 0.3 45 0.13 

1732.0 1735.2 2% ZnEq 3.2 6.2 0.3 107 0.18 

1994.6 1997.4 2% ZnEq 2.7 1.7 0.3 54 0.08 

HDS-717

1065.3 1072.4 0.2% Cu 7.2 3.5 2.7 22 0.21 

1306.1 1318.3 0.2% Cu 12.2 1.8 1.8 63 0.82 

1444.1 1466.7 0.2% Cu 22.6 1.7 1.7 46 1.38 

Including 

1456.6 1466.7 0.2% Cu 10.1 0.5 1.0 78 2.57 

1517.9 1522.2 2% ZnEq 4.3 3.0 1.8 49 0.03 

1718.6 1727.0 0.2% Cu 8.4 1.0 0.1 39 1.99 

1754.1 1763.3 2% ZnEq 9.1 1.4 0.5 42 0.13 

HDS-763 1429.8 1439.6 2% ZnEq 9.8 2.3 0.1 3 0.02 
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Figure 2: Peake prospect  
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Mining 
 
The PFS design for Taylor is a dual shaft mine which prioritises early access to higher grade mineralisation, 

supporting ZnEq average grades of approximately 12%9 in the first five years of the mine plan. The proposed mining 

method, longhole open stoping, maximises productivity and enables a single stage ramp-up to our preferred 

development scenario of up to 4.3Mtpa. In the PFS schedule, shaft development is expected to commence in FY24 

with first production targeted in FY27 and nameplate production in FY30.  

Ore is expected to be mined in an optimised sequence concurrently across four independent mining areas, crushed 

underground and hoisted to the surface for processing. The mine design contemplates two shaft stations, one for 

logistics and access, and the other for material handling. The primary haulage material handling level is expected 

to be located at a depth of approximately 800m.  

The operation would be largely resourced with a local owner-operator workforce, with a mining fleet consisting of 

jumbo drills, rock bolters, production drills, load, haul and dump machines and haulage trucks. Taylor’s feasibility 

study will evaluate the potential use of battery electric underground equipment and trucks within the mining fleet, 

bringing further efficiency benefits, reducing diesel consumption and carbon emissions.  

Processing 

The PFS process plant design is based on a sulphide ore flotation circuit to produce separate zinc and lead 

concentrates, with silver by-product credits. The flowsheet adheres to conventional principles with a primary 

crusher, crushed ore bins, comminution circuit, sequential flotation circuit, thickening and filtration. Tailings are 

processed by either filtration and drystacking, or by converting to paste and returning them underground. 

Approximately half of the planned tailings will be sent underground as paste fill, reducing the surface environmental 

footprint.  

Pre-flotation and pre-float concentrate cleaning steps have been included in the plant design to prevent 

magnesium oxide and talc from affecting flotation performance and concentrate quality. Jameson cell technology 

is proposed to be used in place of some traditional mechanical flotation cells to enhance recoveries. Once filtered, 

concentrate would be loaded directly into specialised bulk containers. 

The PFS processing facility has design recoveries of 90% for zinc and 91% for lead, and target concentrate grades 

of 53% for zinc and 70% for lead. Silver primarily reports to the lead concentrate, with a design recovery of 81%. The 

zinc concentrate is considered mid-grade with relatively high silver content for zinc, and the lead concentrate is 

considered high-grade. Indicative production rates in the PFS are shown in Figure 3.  

Figure 3: Payable ZnEq production and head grade  

 

 

The PFS mine ramp-up enables nameplate capacity to be reached in FY30. Annual average payable production is 

~111kt zinc, ~138kt lead and ~7.3Moz silver (~280kt ZnEq9). Production over the steady state years (FY30 to FY44) 

is expected to be approximately 20% higher, averaging ~130kt zinc, ~166kt lead and ~8.7Moz silver (~340kt ZnEq9). 
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Site infrastructure  

PFS capital includes estimates for non-processing infrastructure, including required tailings, power and water 

infrastructure.  

Figure 4: Site infrastructure 

  

The tailings storage facilities (TSF) have been designed in accordance with South32’s Dam Management Standard, 

with our approach being consistent with the International Council on Mining and Metals (ICMM) Tailings Governance 

Framework. We are also progressing work on compliance with the Global Industry Standard on Tailings 

Management. Approximately half of the tailings produced will be thickened and filtered and sent back underground 

as paste backfill, reducing the surface environmental footprint. The remaining filtered tailings will be placed in one 

of two dry stack TSFs. The first facility is located on patented land and is an expansion to the existing TSF which 

was constructed as part of the voluntary remediation program completed in CY20. This already completed work 

established a state-of-the-art dry stack facility which will provide initial tailings capacity to support the 

commencement of operations. The PFS contemplates a second purpose-built facility on unpatented land, requiring 

Federal permits.  

Future site power needs are expected to be met through transmission lines connecting to the local grid. 

Grid power is currently generated from a combination of coal, natural gas and renewables including solar, hydro 

and wind power. We have commenced discussions in relation to securing 100% renewable energy for the project, 

with options for grid-based renewable energy as well as new solar power projects to be advanced through the 

feasibility study.    

Orebody dewatering is a critical path activity in the PFS schedule and capital expenditure has been committed to 

support construction and the installation of its related infrastructure, commencing from H2 FY22. The 

hydrogeological studies completed in the PFS and the design of the required water wells and infrastructure have 

been completed to feasibility-stage standards to support the execution of these early works.   

Water treatment requirements are expected to met through two proposed water treatment plants (WTP). 

WTP1 is already installed and treatment upgrades are expected to be commissioned in Q3 FY22, while WTP2 is 

expected to be commissioned in Q4 FY23.    
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Logistics 

Hermosa is well located with existing nearby infrastructure for both bulk rail and truck shipments to numerous 

North American ports. The transportation of concentrates is expected to be a combination of trucking to a rail 

transfer facility (for subsequent rail transfer to port) and directly to port, for shipping to Asian and European 

smelters. Specialised bulk containers will be used to eliminate dust exposure from the time of load out until 

discharge to the ocean vessel. The expected trucking route in the PFS includes the construction of a connecting 

road to a state highway and other upgrades to road infrastructure.  

PFS shipping costs assume transportation of concentrate to Asia and Europe. During feasibility we will continue to 

investigate the potential to supply smelters in the Americas, substantially lowering our assumed transport logistics 

and shipping costs.  

Operating cost estimates  

The PFS includes estimates for mining, processing, general and administrative operating costs.  

Mining costs (~US$35/t ore processed) include all activities related to underground mining, including labour, 

materials, utilities and maintenance. Processing costs (~US$13/t ore processed) include consumables, labour and 

power. General and administrative costs (~US$10/t ore processed) include head office corporate costs and site 

support staff. Other costs (~US$23/t ore processed) include shipping and transport (~US$16/t ore processed), 

marketing and royalties, with private net smelter royalties averaging 2.4% (~US$4/t ore processed).    

Average PFS operating unit costs of ~US$81/t ore processed (~US$77/t at steady state production) reflect the high 

productivity rates expected from concurrently mining multiple independent underground areas and the benefit 

from access to local, skilled service providers. 

Average PFS Operating unit costs expressed on a zinc equivalent basis of ~US$(0.71)/lb and AISC11 of ~US$(0.05)/lb 

place the Taylor Deposit in the first quartile of the industry cost curve1. 

Table 5: Operating unit costs – $t/ore processed  

Item US$/t ore processed 

Mining  ~35 

Processing ~13 

General and administrative  ~10  

Other (including royalties) ~23 

Total ~81 

Table 6: Operating unit costs – $/lb ZnEq     

Item  $/lb ZnEq 

Mining  ~0.51 

Processing ~0.19 

General and administrative   ~0.15 

Other (including royalties) ~0.33 

Operating unit costs ~1.18 

Lead and silver credits ~(1.89)12 

Zinc equivalent operating unit costs  ~(0.71) 
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Capital cost estimates  
 
Direct PFS capital expenditure estimates to construct Taylor are shown below. The construction period following a 

final investment decision is expected to be approximately four years. Indirect costs include contingency, owner’s 

and engineering, procurement, and construction management (EPCM) costs to support the project. The Group will 

also continue to incur ongoing costs for work being undertaken across the broader Hermosa project that will be 

separately guided. 

Table 7: Growth capital expenditure (from 1 January 2022) 

Item  US$M 

Mining  ~565 

Surface facilities ~440 

Dewatering  ~225 

Direct costs ~1,230 

Indirect costs (including contingency) ~470 

Total ~1,700 

 

Mining capital expenditure includes the shafts (~US$310M), development, mobile equipment and infrastructure. 

Surface facilities includes the processing plant (~US$350M), tailings and utilities. The capital estimate reflects 

assumptions for key inputs including steel, cement and labour as at H1 FY22. 

Additional capital is included in the PFS estimates for critical path orebody dewatering. The direct capital 

expenditure estimate of US$225M includes expenditure directly attributable to water wells and a second required 

water treatment plant. A further ~US$140M of owner’s costs across the period of dewatering are included within 

indirect costs (~US$470M).       

Further value engineering work in the feasibility study will target a potential reduction in capital costs through 

further optimisation of the shaft design, construction and procurement.  

Sustaining capital expenditure is expected to average approximately US$40M per annum and 

primarily relates to mine development.    

Development approvals  

The Hermosa project’s mineral tenure is secured by 30 patented mining claims totaling 228 hectares that have full 

surface and mineral rights owned by South32. The patented land is surrounded by 1,957 unpatented mining claims 

totaling 13,804 hectares. The surface rights of the unpatented mining claims are administered by the 

USFS under multiple-use regulatory provisions.   

The initial PFS mine development and surface infrastructure, including the processing plant, on-site power and the 

first TSF are designed to be located on patented mining claims. As a result, construction and mining of the Taylor 

Deposit can commence with approvals and permits issued by the State of Arizona. Several required permits for 

dewatering are already held, with the timeframe to receive the remaining State-based approvals expected to take 

up to approximately two years. Surface disturbance and additional tailings storage on unpatented land will require 

completion of the NEPA process with the USFS, in order to receive a Record of Decision (RoD). The ramp-up to 

nameplate production assumed in the PFS could take longer than contemplated if the RoD was delayed, 

as production may need to be slowed so tailings capacity could be restricted to patented lands until the RoD is 

received.   
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Our approach to sustainability at Hermosa   

Sustainable development is at the heart of our purpose at South32 and forms an integral part of our strategy. 

Our commitment to sustainable development is embedded in the approach we are adopting at Taylor.    

We have developed a comprehensive stakeholder identification, analysis and engagement plan. Our key 

stakeholders include local communities within Santa Cruz County, Native American tribes with historic affiliation 

around the project area, and county, state and federal government agencies.  

Partnering with local communities 

We have developed a community investment plan for Hermosa. Key investment initiatives include a South32 

Hermosa Community Fund developed in partnership with the Community Foundation for South Arizona, community 

sponsorships and grants to community programs that reflect the priorities of the communities around Hermosa. 

In addition to community investment programs, we have established local procurement and employment plans 

designed to provide direct economic benefits for our communities. 

Preserving cultural heritage 

We are committed to working with Native American tribes who have a historic affiliation with the area around the 

Hermosa project. While there are no Native American trust lands near Hermosa, historic habitation or use of the 

region by Indigenous Peoples may establish culturally significant connections.  We have completed initial surveys 

for cultural resources on both our patented lands and unpatented mining claims and will continue to engage with 

Native American tribes who have historic affiliations to gain a more thorough understanding of sensitive cultural 

resources. 

Managing our environmental impact  

An environmental management plan (EMP) has been developed for Hermosa that is consistent with the 

South32 Environment Standard. Key aspects of the EMP include baseline studies, risk assessments and mapping 

of key features with respect to biodiversity, ecosystems and water. The baseline studies have included several 

biological studies and surveys, including for species listed under the Endangered Species Act (ESA) and USFS 

sensitive species, as well as monitoring of surface water, ground water and air quality.  The ongoing collection, 

analysis and modelling of baseline information and survey data will align with the South32 Environment Standard 

and support the required permits and approvals for Hermosa.  

Hermosa is in a semi-arid environment, with most rainfall occurring in the “monsoon” season of July through 

October. Water resource monitoring and management plans have been developed to support an understanding of 

the baseline conditions and numerical modelling of surface and groundwater resources. Additional studies are 

planned for completion as part of the Taylor feasibility study.  

Targeting net zero carbon operational emissions   

Taylor has been designed as a low carbon operation, with the primary sources of carbon emissions being residual 

diesel consumption and grid power. We have identified several opportunities to improve this starting position, with 

active discussions to secure 100% renewable energy for site power and the feasibility study to include further 

evaluation of the potential use of battery electric vehicles and underground mining equipment. We are testing 

technology solutions to support this, with a trial of electric vehicles planned at our Cannington zinc-lead-silver mine 

during FY22 and our ongoing participation in the Electric Mine Consortium13.   

Commodities for a low carbon future 

The proposed development of Taylor is consistent with our focus on reshaping our portfolio for a low carbon future, 

increasing our exposure to base and precious metals and reducing our carbon intensity.  

The metals produced at Taylor are expected to play a role in supporting global decarbonisation. Zinc demand is 

expected to benefit from an increase in renewable energy infrastructure such as solar, where it allows for higher 

energy conversion, and wind, given its use in protecting key elements from corrosion. Silver is used in solar panels 

due to its superior electrical conductivity and has higher intensity of use in electric vehicles compared to internal 

combustion engine (ICE) cars. In the medium term, the ongoing growth in ICE vehicles sales will continue to see 

demand for lead-acid batteries grow, with lead demand also expected to be supported by its use in renewable 

energy storage systems.       
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Taylor project summary  
 
Key PFS assumptions and outcomes are summarised below. 

Table 8: Taylor PFS assumptions 

Mining  

Mineral Resource estimate  138Mt averaging 3.82% zinc, 4.25% lead and 81g/t silver 

Resource life ~22 years  

Mining method  Longhole open stoping with paste backfill 

Mined ore grades Zinc 4.1%, Lead 4.5%, Silver 82g/t  

Processing  

Mill capacity ~4.3Mtpa  

Concentrates Separate zinc and lead concentrates with silver credits 

Zinc recoveries (in zinc concentrate)  ~90% 

Lead recoveries (in lead concentrate) ~91% 

Silver recoveries (in lead concentrate) ~81% 

Metal payability  Zinc ~85%, Lead ~95%, Silver ~95% (in lead concentrate) 

Zinc concentrate grade ~53%  

Lead concentrate grade  ~70%  

Payable metal production   

Zinc ~2.4Mt (~111kt annual average) 

Lead  ~3.0Mt (~138kt annual average) 

Silver ~160Moz (~7.3Moz annual average) 

Zinc equivalent9  ~6.2Mt (~280kt annual average) 

 

 

 

 

   

Capital costs    

Direct capital expenditure ~US$1,230M 

Indirect capital expenditure ~US$470M 

Sustaining capital expenditure ~US$40M annual average   

Schedule   

First production  FY27  

Steady state production  FY30-FY44 

Operating costs  

Mining costs ~US$35/t ore processed 

Processing costs  ~US$13/t ore processed  

General and administrative costs ~US$10/t ore processed  

Other operating unit costs ~US$23/t ore processed (incl. royalties) 

Operating unit costs ~US$81/t ore processed  

Zinc equivalent operating unit cost ~(US$0.71/lb) ZnEq (incl. lead and silver credits) 

All-in sustaining cost11 ~(US$0.05)/lb ZnEq (incl. lead and silver credits) 

Fiscal terms   

Corporate tax rate14 ~26% 

Royalties  Average 2.4% private net smelter royalties   
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CLARK DEPOSIT SCOPING STUDY  

 

Clark is a manganese-zinc-silver oxide deposit located adjacent, and up-dip of the Taylor Deposit, which has a 

Mineral Resource estimate of 55 million tonnes, averaging 9.08% manganese, 2.31% zinc and 78 g/t silver using a 

NSR cut-off of US$175/t4 in accordance with the JORC Code. The Clark Deposit is interpreted as the upper oxidised, 

manganese-rich portion of the mineralised system, with the resource extending from near surface to a depth of 

approximately 600m.   

The Clark Deposit has the potential to underpin a second development at Hermosa. We recently completed a 

scoping study2 for the Clark Deposit which has confirmed viable flowsheets to produce battery-grade manganese, 

in the form of electrolytic manganese metal (EMM) or high purity manganese sulphate monohydrate (HPMSM). 

Clark has advanced to a PFS for a potential underground mine development using longhole open stoping accessed 

from existing patented mining claims. The PFS is designed to increase confidence in our technical and operating 

assumptions and customer opportunities in the rapidly growing battery-grade manganese markets. The first phase 

of the PFS is expected to be completed in late CY22, at which point a preferred development pathway will be 

selected. Many areas of the PFS, including mine planning, hydrogeology, infrastructure, sustainability and 

permitting will benefit from work completed in the Taylor PFS.  

Our study work will also review the potential to pursue an integrated development of Taylor and Clark. 

An integrated development would comprise underground mining operations for Taylor and Clark with separate 

processing circuits to produce base and precious metals, and battery-grade manganese. An integrated 

development has the potential to realise operating and capital efficiencies.    

 Figure 5: Clark and Taylor deposits 
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REGIONAL EXPLORATION 

 

Our third area of focus at Hermosa is unlocking value through exploration of our highly prospective regional land 

package. Since our initial acquisition, we have increased our tenure by 66%, consolidating our position in the most 

prospective areas. We have completed surface geophysics, soil sampling, mapping and other exploration activity, 

resulting in the definition of a highly prospective corridor across our land package which will be prioritised for future 

testing.  

Within this highly prospective corridor, we plan to drill test the Flux prospect in the second half of CY22 following 

the receipt of required permits. The Flux prospect is located down-dip of an historic mining area in carbonates that 

could host Taylor-like mineralisation8. Our ongoing exploration strategy will focus on identifying, permitting and 

drilling new exploration targets across the land package while continuing to refine our understanding of the regional 

geology.  

Figure 6: Regional exploration  
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FOOTNOTES 

 
1. Based on Taylor’s estimated all-in sustaining costs (AISC) in the PFS and the Wood Mackenzie Lead/Zinc Asset Profiles. AISC includes 

operating unit costs (including royalties), treatment and refining charges (TCRCs), and sustaining capital expenditure.  

2. Clark Deposit scoping study cautionary statement: The scoping study referred to in this announcement is based on low-level technical 

and economic assessments and is insufficient to support estimation of Ore Reserves or to provide assurance of an economic 

development case at this stage, or to provide certainty that the conclusions of the scoping study will be realised. The study is based 

on 60% Indicated and 40% Inferred Mineral Resources (refer to footnote 4 for the cautionary statement). 

3. Competent Persons Statement and cautionary statement – Exploration Results and Exploration Target: The information in this 

announcement that relates to Exploration Results and Exploration Targets for Hermosa (including Peake) is based on information 

compiled by David Bertuch, a Competent Person who is a Member of The Australasian Institute of Mining and Metallurgy and is 

employed by South32. Mr Bertuch has sufficient experience that is relevant to the style of mineralisation and type of deposit under 

consideration and to the activity being undertaken to qualify as a Competent Person as defined in the 2012 Edition of the ‘Australasian 

Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves’. Mr. Bertuch consents to the inclusion in the report of 

the matters based on his information in the form and context in which it appears. The JORC Table 1 (sections 1 and 2) related to the 

Exploration Results and Exploration Targets is included in Annexure 1. In respect of those Exploration Targets, the potential quantity 

and grade is conceptual in nature. There has been insufficient exploration to determine a Mineral Resource and there is no certainty 

that further exploration work will result in the determination of Mineral Resources. 

4. Mineral Resource Statements for the Taylor and Clark deposits: The information in this announcement that relates to Mineral 

Resources for the Taylor and Clark deposits is extracted from South32's FY21 Annual Report (www.south32.net) published on 3 

September 2021. The information was prepared by a Competent Person in accordance with the requirements of the JORC Code. 

South32 confirms that it is not aware of any new information or data that materially affects the information included in the original 

market announcement, and that all material assumptions and technical parameters underpinning the estimates in the relevant market 

announcement continue to apply and have not materially changed. South32 confirms that the form and context in which the 

Competent Person's findings are presented have not been materially modified from the original market announcement.  

5. Resource life is estimated using Mineral Resources (extracted from South32’s FY21 Annual Report published on 3 September 2021 

and available to view on www.south32.net) and Exploration Target (details of which are available in this announcement) converted to 

a run-of-mine basis using conversion factors, divided by the nominated run-of-mine production rate on a 100% basis. Whilst South32 

believes it has a reasonable basis to reference this resource life and incorporate it within its Production Targets, it should be noted 

that resource life calculations are indicative only and do not necessarily reflect future uncertainties such as economic conditions, 

technical or permitting issues. Resource life is based on our current expectations of future results and should not be solely relied upon 

by investors when making investment decisions. 

6. Production Targets Cautionary Statement: The information in this announcement that refers to the Production Target and forecast 

financial information is based on Measured (20%), Indicated (62%) and Inferred (14%) Mineral Resources and Exploration Target (4%) for 

the Taylor Deposit. All material assumptions on which the Production Target and forecast financial information is based is available in 

Annexure 1. The Mineral Resources underpinning the Production Target have been prepared by a Competent Person in accordance 

with the JORC Code (refer to footnote 4 for the cautionary statement). All material assumptions on which the Production Target and 

forecast financial information is based is available in Annexure 2. There is low level of geological confidence associated with the Inferred 

Mineral Resources and there is no certainty that further exploration work will result in the determination of Indicated Mineral Resources 

or that the Production Target will be realised. The potential quantity and grade of the Exploration Target is conceptual in nature. In 

respect of the Exploration Target used in the Production Target, there has been insufficient exploration to determine a Mineral 

Resource and there is no certainty that further exploration work will result in the determination of Mineral Resources or that the 

Production Target itself will be realised. The stated Production Target is based on South32's current expectations of future results or 

events and should not be solely relied upon by investors when making investment decisions. Further evaluation work and appropriate 

studies are required to establish sufficient confidence that this target will be met. South32 confirms that inclusion of 18% tonnage 

(14% Inferred Mineral Resources and 4% Exploration Target) is not the determining factor of the project viability and the project 

forecasts a positive financial performance when using 82% tonnage (20% Measured and 62% Indicated Mineral Resources). South32 is 

satisfied, therefore, that the use of Inferred Mineral Resources and Exploration Target in the Production Target and forecast financial 

information reporting is reasonable.  

7. Preferred case design capacity based on Taylor PFS outcomes. 

8. Flux Exploration Target: The information in this announcement that relates to the Exploration Target for Flux is extracted from “South32 

Strategy and Business Update” published on 18 May 2021 and is available to view on www.south32.net. The information was prepared 

by a Competent Person in accordance with the requirements of the JORC Code. South32 confirms that it is not aware of any new 

information or data that materially affects the information included in the original market announcement. South32 confirms that the 

form and context in which the Competent Person’s findings are presented have not been materially modified from the original market 

announcement. 

9. Payable zinc equivalent was calculated by aggregating revenues from payable zinc, lead and silver, and dividing the total revenue by 

the price of zinc. Average metallurgical recovery assumptions are 90% for zinc, 91% for lead and 81% for silver in lead concentrate. 

FY21 average index prices for zinc (US$2,695/t), lead (US$1,992/t) and silver (US$25.50/oz) (excluding treatment and refining charges) 

have been used. 

10. Based on steady state production years (FY30 to FY44). 

11. AISC includes Operating unit costs (including royalties), TCRCs and sustaining capital expenditure. 

12. Lead and silver credits are calculated using FY21 average index prices for lead (US$1,992/t) and silver (US$25.50/oz). 

13. South32 is a founding member of the Electric Mine Consortium, which aims to accelerate progress towards a fully electrified zero 

carbon, zero particulates, mine. More information is available at www.electricmine.com. 

14. Federal tax of 21.0% and Arizona state tax of 4.9% of taxable income, subject to applicable allowances. Hermosa has an opening tax 

loss balance of approximately US$83M as at 30 June 2020. Property and severance taxes are also expected to be paid. Based on the 

PFS schedule, we expect to commence paying income taxes from FY29.  



 

HERMOSA PROJECT UPDATE 

About us 

South32 is a globally diversified mining and metals company. Our purpose is to make a difference by developing 

natural resources, improving people’s lives now and for generations to come. We are trusted by our owners and 

partners to realise the potential of their resources. We produce bauxite, alumina, aluminium, metallurgical coal, 

manganese, nickel, silver, lead and zinc at our operations in Australia, Southern Africa and South America. With a 

focus on growing our base metals exposure, we also have two development options in North America and several 

partnerships with junior explorers around the world. 
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Forward-looking statements 

This release contains forward-looking statements, including statements about trends in commodity prices and 

currency exchange rates; demand for commodities; production forecasts; plans, strategies and objectives of 

management; capital costs and scheduling; operating costs; anticipated productive lives of projects, mines and 

facilities; and provisions and contingent liabilities. These forward-looking statements reflect expectations at the 

date of this release, however they are not guarantees or predictions of future performance. They involve known and 

unknown risks, uncertainties and other factors, many of which are beyond our control, and which may cause actual 

results to differ materially from those expressed in the statements contained in this release. Readers are cautioned 

not to put undue reliance on forward-looking statements. Except as required by applicable laws or regulations, the 

South32 Group does not undertake to publicly update or review any forward-looking statements, whether as a 

result of new information or future events. Past performance cannot be relied on as a guide to future performance. 

South32 cautions against reliance on any forward looking statements or guidance, particularly in light of the current 

economic climate and the significant volatility, uncertainty and disruption arising in connection with COVID-19.   
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Annexure 1: JORC Code Table 1 

HERMOSA PROJECT – EXPLORATION RESULTS 

 

The following table provides a summary of important assessment and reporting criteria used for the reporting of 

Taylor sulphide exploration results for the Hermosa project, which is located in southern Arizona, USA (Figure 1), in 

accordance with the Table 1 checklist in The Australasian Code for the Reporting of Exploration Results, Mineral 

Resources and Ore Reserves (The JORC Code, 2012 Edition) on an ‘if not, why not’ basis. 

Section 1 Sampling Techniques and Data 

(Criteria in this section apply to all succeeding sections.)  

Criteria  Commentary 

Sampling 
techniques  

 The drilling that supports the exploration results is located outside of the current Taylor 

Mineral Resource estimate declared as at 30 June 2021 in the South32 Annual Report.  

A total of 53 diamond drill holes (HQ/NQ) totalling 73,632 metres have been drilled across 

the Taylor sulphide mineralisation. In order to define mineralisation continuity, the drilling 

information used to inform the resource is used for geological interpretation of the 

exploration results. In addition, the geological model also reflects input from near-surface 

reverse circulation (RC) drilling. All drilling is at predominantly 1.5m (5’) intervals on a  

half core basis. 

 A heterogeneity study is yet to be concluded to determine sample representivity. 

 Core is competent and sample representivity is monitored using predominantly quarter 

or half core field duplicates submitted at a rate of approximately 1:40 samples. Field 

duplicates located within mineralisation envelopes demonstrate 70–90% performance to 

within 30% of original sample splits. 

 Core assembly, interval mark-up, recovery estimation (over the 3m drill string) and 

photography all occur prior to sampling and follow documented procedures. 

 Sample size reduction during preparation involves crushing and splitting of HQ (95.6mm) 

or NQ (75.3mm) half-core.  

Drilling techniques   Data used for exploration results is based on logging and sampling of HQ diamond core, 

reduced to NQ in areas of difficult drilling. Triple and split-tube drilling methods were also 

employed in cases where conditions required these mechanisms to improve recovery. 

 All drill core has been oriented using the Boart Longyear ‘Trucore’ system since mid-

August 2018. In Q3 FY20, acoustic televiewer data capture was implemented for 

downhole imagery for the majority of drilling to improve orientation and geotechnical 

understanding. Structural measurements from oriented drilling have been incorporated 

in geological modelling to assist with fault interpretation. 

Drill sample 
recovery  

 Prior to October 2018, core recovery was determined by summation of individual core 

pieces within each 3m drill string. Recovery for the drill string has since been measured

after oriented core alignment and mark-up. 

 Core recovery is recorded for all diamond drill holes. Recovery of holes for the ranging 

and targeting exercise exceeds 96%.  

 Poor core recovery can occur when drilling overlying oxide material and in major fault 

zones. To maximise recovery, drillers vary speed, pressure and composition of drilling 

muds, reduce HQ to NQ core size and use triple tube and ‘3 series’ drill bits. 

 When core recovery is compared to Zn, Pb and Ag grades for both a whole data set and 

within individual lithology, there is no discernible relationship.  

 Correlation analysis suggests there is no relationship between core recovery and depth 

except where structure is considered. There are isolated cases where lower recovery is 

localised at intersections of the Taylor sulphide carbonates with a major thrust structure. 

Logging   The entire length of core is photographed and logged for lithology, alteration, structure, 

rock quality designation (RQD), and mineralisation.  

 Logging is both quantitative and qualitative; there are a number of examples including 

estimation of mineralisation percentages and association of preliminary interpretative 

assumptions with observations. 

 All logging is peer reviewed against core photos and in the context of current geological 

interpretation and surrounding drill holes during geological model updates. 

 Logging is to a level of detail to support the exploration results. 
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Criteria  Commentary 

Sub-sampling 
techniques and 
sample 
preparation  

 Sawn half core and barren whole core samples are taken on predominantly 1.5m intervals 

for the entire drill hole after logging. Mineralisation is highly visual. Sampling is also

terminated at litho-structural and mineralogical boundaries to reduce the potential for 

boundary/dilution effects at a local scale.  

 Sample lengths can vary between 0.75m and 2.3m. The selection of the sub-sample size 

is not supported by sampling studies.  

 Sample preparation has occurred offsite at an ISO17025-certified laboratory since the 

Taylor sulphide deposit discovery. This was initially undertaken by Skyline until 2012, then 

by Australian Laboratory Services (ALS). Samples submitted to ALS are generally 4–6kg 

in weight. Sample size reduction during preparation involves crushing of HQ (95.6mm) or 

NQ (75.3mm) half or whole core, splitting of the crushed fraction, pulverisation, and 

splitting of the sample for analysis. A detailed description of this process is as follows:  

o The entire half or whole core samples are crushed and rotary split in preparation for 

pulverisation. Depending on the processing facility, splits are done via riffle or rotary 

splits for pulp samples. 

o Fine crushing occurs until 70% of the sample passes 2mm mesh. A 250g split of finely 

crushed sub-sample is obtained via rotary or riffle splitter and pulverised until 85% of 

the material is less than 75μm. These 250g pulp samples are taken for assay, and 

0.25g splits are used for digestion. 

 ALS protocol requires 5% of samples to undergo a random granulometry QC test. 

Samples are placed on 2 micron sieve and processed completely to ensure the passing

mesh criteria is maintained. Pulps undergo similar tests with finer meshes. Results are 

loaded to an online portal for review to client. 

 Sample preparation precision is also monitored with blind laboratory duplicates assayed 

at a rate of 1:50 submissions.  

 Coarse crush preparation duplicate pairs show that 80% of all Zn and Ag pairs for sulphide 

mineralisation report within +/-20% of original samples. Performance drops off for Pb 

mineralisation, with less than 70% of duplicates reporting within the +/-20% limits. 

 More than 85% of pulp duplicates report within a 10% variance for Zn and Ag within all 

pulp duplicates. Performance for Pb is demonstrably poorer, similar to the preparation 

duplicates, with less than 80% of all pulp duplicates reporting within this tolerance. 

 Sub-sampling techniques and sample preparation are adequate for providing quality 

assay data for declaring exploration results but will benefit from planned studies to 

optimise sample selectivity and quality control procedures. 

Quality of assay 
data and 
laboratory tests  

 Samples of 0.25g from pulps are processed at ALS Vancouver using ME-ICP61, where 

these are totally digested using a four-acid method followed by analysis with a 

combination of Inductively Coupled Plasma – Mass Spectrometry (ICP-MS) and 

Inductively Coupled Plasma – Atomic Emission Spectroscopy (ICP-AES) determination for 

33 elements. Overlimit values for Ag, Pb, Zn, and Mn utilise OG-62 analysis. In November 

2020, Hermosa switched to the analytical method ME-MS61 for the four acid 48 element 

assay for additional elements and improved detection limits alongside the addition of 

overlimit packages of S-IR07 for S and ME-ICP81 for Mn. Digestion batches of 36 samples 

plus four internal ALS control samples (one blank, two CRM, and one duplicate) are 

processed using a four-acid digestion. Analysis is done in groups of three larger digestion 

batches. Instruments are calibrated for each batch prior to and following the batch. 

 ALS internal QA/QC samples are continuously monitored for performance. In the case of 

a blank failure, for example, the entire batch is redone from the crushing stage. If one 

CRM fails, data reviewers internal to ALS examine the location of the failure within the 

batch and determine how many samples around the failure should be reanalysed. If both 

CRMs fail, the entire batch is rerun. No material failures have been observed from the 

data. 

 Coarse and fine-grained certified silica blank material submissions, inserted at the 

beginning and end of every work order of approximately 200 samples, indicate a lack of 

systematic sample contamination in sample preparation and ICP solution carryover. While 

systematic contamination issues are not observed for the blanks, the nature of the blanks 

themselves and suitability for use in QA/QC for polymetallic deposits is in question. 

o Failures for blanks are noted at greater than ten times detection limit or 

recommended upper limit for the certified blank material for each analyte, failures 

range from 0% for Ag (>5ppm), 1% for Cu (>10ppm), 3.5% for Pb (>20ppm), and 7.5% 

for Zn (>20ppm), and indicate that the blanks themselves are not truly suited for 
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polymetallic deposits. In particular, a coarse blank submitted from 2017–2018 

demonstrated consistent contamination above detection limits for Zn, Cu, Mn, and 

other elements. This has since been replaced with a better performing coarse blank 

of the end of 2018. 

o The nature of the blanks and the failures observed are very low for Ag and Cu, and

failures for blanks for Zn and Pb are in the hundreds of ppm. No consistent bias has 

been observed and the magnitude of impacts at the low end for the blanks are very 

limited. It is not likely to impact the exploration results. 

 A range of certified reference materials (CRM) are submitted at a rate of 1:40 samples to 

monitor assay accuracy. The CRM failure rate is very low, ranging from 0.1% to 1.3% 

depending on analyte, demonstrating reliable laboratory accuracy. 

 External laboratory pulp duplicates and CRM checks have been submitted to the 

Inspectorate (Bureau Veritas) laboratory in Reno from November 2017 to 2018 and 

resumed in March 2021 at a rate of 1:100 to monitor procedural bias. Between 84% and 

89% of samples for Zn, Pb and Ag were within expected tolerances of +/-20% when 

comparing three-acid (Inspectorate) and four-acid (ALS) digest methods. No significant 

bias was determined. 

 The nature and quality of assaying and laboratory procedures are appropriate for 

supporting disclosure of exploration results.

Verification of 
sampling and 
assaying  

 Core photos of the entire hole are reviewed by alternative company personnel (modelling 

geologists) to verify significant intersections and finalise geological interpretation of core 

logging.  

 Sampling is recorded digitally and uploaded to an Azure SQL project customised 

database (Plexer) via an API provided by the ALS laboratory and the external laboratory 

information management system (LIMS). Digital transmitted assay results are reconciled 

upon upload to the database.  

 No adjustment to assay data has been undertaken. 

Location of data 
points  

 Drill hole collar locations are surveyed by registered surveyors using a GPS Real Time 

Kinematic (RTK) rover station correlating with the Hermosa project RTK base station and 

Global Navigation Satellite Systems with up to 1cm accuracy.  

 Downhole surveys prior to mid-August 2018 were taken with a ‘TruShot’ single shot 

survey tool every 76m and at the bottom of the hole. From 20 June 2018 to  

14 August 2018, surveys were taken at the same interval with both the single shot and a 

Reflex EZ-Gyro, before the Reflex EZ-Gyro was used exclusively.  

 The Hermosa project uses the Arizona State Plane (grid) Coordinate System, Arizona 

Central Zone, International Feet. The datum is NAD83 with the vertical heights converted 

from the ellipsoidal heights to NAVD88 using GEOID12B.   

 All drill hole collar and downhole survey data was audited against source data. 

 Survey collars have been compared against a one-foot topographic aerial map. 

Discrepancies exceeding 1.8m were assessed against a current aerial flyover and the 

differences attributed to surface disturbance from construction development and/or 

road building. 

 Survey procedures and practices result in data location accuracy suitable for mine 

planning. 

Data spacing and 
distribution  

 Drill hole spacing ranges from 60m to 600m. The spacing supplies sufficient information 

for assessment of exploration results.  

 Geological modelling has determined that drill spacing is sufficient to establish the 

degree of geological and grade continuity necessary to support review of exploration 

results.  

Orientation of data 
in relation to 
geological 
structure  

 For geological modelling, mineralisation varies in dip between 30°NW in the upper Taylor 

Sulphide domain and between 20°N and 30°N in the lower Taylor Deeps and the Peake 

Copper-Skarn prospect. Most drilling is oriented vertically and at a sufficiently high angle 

to allow for accurate representation of grade and tonnage using three-dimensional 

modelling methods.  

 There is indication of sub-vertical structures, possibly conduits for or offsetting 

mineralisation, which have been accounted for at a regional scale through the integration 

of mapping and drilling data. Angled, oriented core drilling introduced from October 2018 
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is designed to improve understanding of the relevance of these structures to 

mineralisation.  

Sample security   Samples are tracked and reconciled through a sample numbering and dispatch system 

from site to the ALS sample distribution and preparation facility in Tucson. The ALS LIMS 

assay management system provides an additional layer of sample tracking from the point 

of sample receipt. Movement of sample material from site to the Tucson distribution and 

preparation facility is a combination of ALS dedicated transport and project contracted 

transport. Distribution to other preparation facilities and Vancouver is managed by ALS 

dedicated transport. 

 Assays are reconciled and results processed in an Azure SQL project customised 

database (Plexer) which has password and user level security. 

Core is stored in secured onsite storage prior to processing. After sampling, the

remaining core, returned sample rejects and pulps are stored at a purpose-built facility 

that has secured access. 

 All sampling, assaying and reporting of results are managed with procedures that provide 

adequate sample security. 

Audits or reviews   CSA Global audited the sampling methodology and database for the  

FY21 Mineral Resource estimate and noted that the sampling and QA/QC measures 

showed the database to be adequate. 

 An internal database audit was undertaken in February 2019 for approximately 10% of all 

drilling intersecting sulphide mineralisation (24 of 242 holes). Data was validated against 

original data sources for collar, survey, lithology, alteration, mineralisation, structure, RQD 

and assay (main and check assays). The overall error rates across the database were 

found to be very low. Isolated issues included the absence of individual survey intervals 

and minor errors in collar survey precision. All were found to have minimal impact on 

resource estimation. 

 Golder and Associates completed an independent audit of the exploration results 

including QA/QC of reported drillholes outside the FY21 Taylor Sulphide Mineral Resource 

estimate, adherence to the Resource Range Analysis process, inputs, assumptions and 

outcomes. Outcomes are considered appropriate for public reporting of exploration 

results.  

 

Section 2 Reporting of Exploration Results 

(Criteria listed in the preceding section also apply to this section.)  

Criteria  Commentary 

Mineral tenement 
and land tenure 
status  

 The Hermosa project mineral tenure (Figure 2) is secured by 30 patented mining claims 

totalling 228 hectares that have full surface and mineral rights owned fee simple. These 

claims are retained in perpetuity by annual real property tax payments to  

Santa Cruz County in Arizona and have been verified to be in good standing until  

31 August 2022. 

 The patented land is surrounded by 1,957 unpatented lode mining claims totalling 13,804 

hectares. These claims are retained through payment of federal annual maintenance fees 

to the Bureau of Land Management (BLM) and filing record of payment with the Santa 

Cruz County Recorder. Payments for these claims have been made for the period up to 

their annual renewal on or before 1 September 2022. 

 Title to the mineral rights is vested in South32’s wholly owned subsidiary  

Arizona Minerals Inc. (AMI). No approval is required in addition to the payment of fees for 

the claims. 

Exploration done 
by other parties  

ASARCO LLC (ASARCO) acquired the Property in 1939 and completed intermittent drill

programs between 1940 and 1991. ASARCO initially targeted silver and lead 

mineralisation near historical workings of the late 19th century.  ASARCO identified silver-

lead-zinc bearing manganese oxides in the manto zone of the overlying  

Clark Deposit between 1946 and 1953. 

 Follow-up rotary air hammer drilling, geophysical surveying, detailed geological, and 

metallurgical studies on the manganese oxide manto mineralisation between the  

mid-1960s and continuing to 1991 defined a heap leach amenable, low-grade manganese 
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and silver resource, reported in 1968 and updated in 1975, 1979 and 1984. The ASARCO 

drilling periods account for 98 drill holes from the database. 

 In March 2006, AMI purchased the ASARCO property and completed a re-assay of pulps 

and preliminary SO2 leach tests on the manto mineralisation to report a  

Preliminary Economic Assessment (PEA) in February 2007. Drilling of RC and diamond 

holes between 2006 and 2012 focused on the Clark Deposit (235 holes) and early 

definition of the Taylor Deposit sulphide mineralisation (16 holes), first intersected in 2010. 

Data collected from the AMI 2006 campaign is the earliest information contributing to 

estimation of the Taylor Deposit Mineral Resource. 

 AMI drill programs between 2014 and August 2018 (217 diamond holes) focused on 

delineating Taylor Deposit sulphide mineralisation, for which Mineral Resource estimates 

were reported in compliance to NI 43-101 (Foreign Estimate) in  

November 2016 and January 2018. 

Geology   The regional geology is set within Lower-Permian carbonates, underlain by Cambrian 

sediments and Proterozoic granodiorites. The carbonates are unconformably overlain by 

Triassic to late-Cretaceous volcanic rocks (Figures 3 and 4). The regional structure and 

stratigraphy are a result of late-Precambrian to early-Palaeozoic rifting, subsequent 

widespread sedimentary aerial and shallow marine deposition through the Palaeozoic 

Era, followed by Mesozoic volcanism and late batholitic intrusions of the Laramide 

Orogeny. Mineral deposits associated with the Laramide Orogeny tend to align along 

regional NW structural trends. 

 Cretaceous-age intermediate and felsic volcanic and intrusive rocks cover much of the 

Hermosa project area and host low-grade disseminated silver mineralisation, epithermal 

veins and silicified breccia zones that have been the source of historic silver and lead 

production. 

 Mineralisation styles in the immediate vicinity of the Hermosa project include the 

carbonate replacement deposit (CRD) style zinc-lead-silver base metal sulphides of the 

Taylor Deposit and deeper skarn-style copper-zinc-lead-silver base metal sulphides of 

the Peake prospect and an overlying manganese-silver oxide manto deposit of the Clark 

Deposit. 

 The Taylor Deposit comprises the overlying Taylor Sulphide, and Taylor Deeps domains 

that are separated by a thrust fault. Approximately 600–750m lateral and south to the 

Taylor Deeps domain, the Peake copper-skarn sulphide mineralisation is identified in 

older lithological stratigraphic units along the interpreted continuation of the thrust fault 

(Figures 5 and 6).  

 The Taylor Sulphide Deposit extends to a depth of around 1,000m and is hosted within 

approximately a 450m thickness of Palaeozoic carbonates that dip 30°NW, identified as 

the Concha, Scherrer and Epitaph Formations.  

 Taylor Sulphide mineralisation is dominantly constrained within a tilted and thrusted 

carbonate stratigraphy and to a lesser degree the overlying volcanic stratigraphy. The 

mineralising system is yet to be fully drill tested in multiple directions.  At Taylor, the 

sulphide mineralisation is constrained up-dip where it merges into the overlying oxide 

manto mineralisation of the Clark Deposit, representing a single contiguous mineralising 

system.  

 The north-bounding edge of the thrusted carbonate rock is marked by a thrust fault 

where it ramps up over the Jurassic/Triassic ‘Older Volcanics’ and ‘Hardshell Volcanics’. 

This interpreted pre-mineralising structure that created the sequence of carbonates also 

appears to be a key mineralising conduit. The thrust creates a repetition of the carbonate 

formations below the Taylor Sulphide domain, which host the Taylor Deeps mineralisation. 

 The Taylor Deeps mineralisation dips 10°N to 30°N, is approximately 100m thick, and 

primarily localised near the upper contact of the Concha Formation and the 

unconformably overlying ‘Older Volcanics’. Some of the higher-grade mineralisation is 

also accumulated along a westerly plunging lineation intersection where the Concha 

Formation contacts the Lower Thrust. Mineralisation has not been closed off down-dip or 

along strike.  

 Lateral to the Taylor Deeps mineralisation, skarn sulphide mineralisation is identified in 

older lithological stratigraphic units along the interpreted continuation of the thrust fault. 

This creates an interpreted continuous structural and lithological controlled system from 

the deeper skarn Cu domain into Taylor Deeps, Taylor Sulphide, and associated volcanic 

hosted mineralisation and the Clark oxide Deposit.  
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Drill hole 
Information  

 A drill hole plan (Figure 4) provides a summary of drilling collar locations that support the 

exploration results and surface geology. Figure 5 provides a drill hole plan relative to the

Taylor FY21 and Clark FY20 Mineral Resource domains, and the Peake copper-skarn 

prospect. Figure 6 shows a cross section relative to key inputs in Figure 5 alongside the 

Taylor thrust and simplified geology. 

 Table 1 summarises all the drill holes that support Exploration Targets. 

 Table 2 summarises all significant intersections. 

 All drill hole information, including tabulations of drill hole positions and depths is stored 

within project data files on a secure company server. 

 Hole depths vary between 550m and 2,000m.

Data aggregation 
methods  

 Mineralisation domains were created within bounding litho-structural zones using both 

manually interpreted volumes and Radial Based Function (RBF) indicator interpolation of 

the cumulative in-situ value of metal content. The metal content descriptor, “Metval”, is 

calculated by summing the multiplication of economic analyte grades for Zn, Pb, Ag and 

Cu, price and recovery. Metval cut-off ranges for mineralisation domains range from 

US$5-7.5 for the different litho-structural domains. Material above the Metval  

cut-off was modelled utilising the indicator numerical model function in Leapfrog Geo™ 

to create volumes. 

 Significant assay intercepts are reported as length-weighted averages exceeding either 

2% ZnEq or 0.2% Cu. 

 No top cuts are applied to intercept calculations.  

 ZnEq (%) is zinc equivalent which accounts for combined value of zinc, lead and silver. 

Metals are converted to ZnEq via unit value calculations using long term consensus metal 

price assumptions and relative metallurgical recovery assumptions. For the Exploration 

Target, overall metallurgical recoveries differ for geological domains and vary from  

87% to 94% for zinc, 94% to 95% for lead, and 87% to 92% for silver.  Exploration Target 

tonnage and grade is reported above an NSR that accounts for payability of metals in 

concentrate products, which depending on other factors, may decrease the total payable 

recovered metal. Average payable metallurgical recovery assumptions are zinc (Zn) 90%,  

lead (Pb) 91%, and silver (Ag) 81% and metals pricing assumptions are South32’s prices 

for the December 2021 quarter.  The formula used for calculation of zinc equivalent is  

ZnEq = Zn (%) + 0.718 * Pb (%) + 0.0204 * Ag (g/t). 

Relationship 
between 
mineralisation 
widths and 
intercept lengths  

 Near vertical drilling (75–900) amounts to the majority of holes used in the creation of the 

geology model. Where they intersect the low to moderately dipping (30°) stratigraphy the 

intersection length can be up to 15% longer than true-width.  

 Since August 2018, drilling has been intentionally angled, where appropriate, between 60° 

and 75° to maximise the angle at which mineralisation is intersected. 

 The mineralisation is modelled in 3D to appropriately account for sectional bias or 

apparent thickness issues which may result from 2D interpretation. 

Diagrams   Relevant maps and sections are included with this market announcement. 

Balanced 
reporting  

 Exploration results are reported considering drill holes completed outside the disclosed 

Mineral Resource estimate as at 30 June 2021. All drill hole intersections are considered 

in this assessment for balanced reporting. A list of drill holes is included as an annexure 

to this announcement.  

Other substantive 
exploration data  

 Aside from drilling, the geological model is compiled from local and regional mapping, 

geochemistry sampling and analysis, and geophysical surveys.  

 Magneto-telluric (MT) and induced polarisation surveys (IP) were conducted with 

adherence to industry standard practices by Quantec Geosciences Inc. In most areas, the 

MT stations were collected along N–S lines with a spacing of 200m. Spacing between lines 

is 400m. Some areas were collected at 400m spacing within individual lines. IP has also 

been collected, both as 2D lines and as 2.5D swaths, collected with a variable spacing of 

data receivers. IP surveying is ongoing over the project. 

 Quality control of geophysical data includes using a third-party geophysical consultant to 

verify data quality and provide secondary inversions for comparison to Quantec 

interpretations. 

Further work   The following work is planned to be conducted: 

o The deeper Peake Copper-skarn prospect will be assessed in detail. 
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o Additional drilling of the Peake Copper-skarn prospect is planned to occur in CY22, 

guided by the outcomes of a detailed assessment in the area adjacent to Taylor 

Deeps where very little drilling is completed so far. 

o Additional ongoing drilling will assess Taylor and Taylor Deeps extensional 

opportunities. 

o Exploratory drilling underneath and downdip of the historic mine workings at the Flux

prospect is planned to occur in CY22, pending permit approvals. 

o Additional geophysics over the project is ongoing.  

 

 

 
 Figure 1: Regional location plan 

 

  



 

HERMOSA PROJECT UPDATE 

Figure 2: Hermosa project tenement map 
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Figure 3: Hermosa project regional geology 
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Figure 4: Taylor Deposit local geology and Exploration Target collar locations 
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Figure 5: Plan view of the Taylor and Clark Mineralisation Domains with exploration drill holes and the  
Peake Copper-Skarn Prospect  
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Figure 6: Cross-section through the Taylor and Clark mineralisation domains showing exploration drill 
holes, simplified geology, Taylor Thrust and the Peake Copper-Skarn Prospect – looking east 
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Table 1: Hole ID, collar location, dip, azimuth and drill depth 

Hole ID East (UTM) North (UTM) Elevation (m) Dip Azimuth TD Depth (m) 

HDS-345 525881 3480733 1603.2 -90 0 1257.9

HDS-353 525781 3480612 1592.8 -90 0 1701.5 

HDS-372 526061 3481515 1564.6 -90 0 1780.9 

HDS-380 526689 3480757 1580.8 -60 230 1321.9 

HDS-395 525553 3482168 1502.4 -90 0 1642.0 

HDS-420 525785 3480607 1592.8 -82 85 1372.8 

HDS-428 526180 3481454 1578.1 -75 355 1633.6 

HDS-443 526645 3480958 1525.9 -45 230 492.9 

HDS-444 526347 3481088 1566.2 -65 230 825.1 

HDS-451 526182 3481448 1579.4 -75 230 656.7 

HDS-462 526223 3481409 1574.6 -75 230 792.8 

HDS-465 526268 3481353 1569.8 -75 230 827.2 

HDS-486 527398 3480552 1602.0 -75 85 1142.1 

HDS-490 527406 3480648 1593.8 -60 70 1126.8 

HDS-491 525690 3482016 1501.9 -90 0 1595.0 

HDS-509 525701 3480691 1602.1 -90 0 1424.8 

HDS-519 525822 3480685 1602.0 -90 0 1422.2 

HDS-520 525963 3480611 1573.1 -90 0 1562.7 

HDS-524 526002 3479665 1658.8 -90 0 1220.0 

HDS-526 528068 3479975 1571.1 -65 15 1617.6 

HDS-527 526339 3480706 1542.5 -63 125 1288.4 

HDS-528 525716 3480747 1610.3 -90 0 1724.3 

HDS-530 525583 3480735 1604.3 -82 230 1446.9 

HDS-532 526001 3479666 1659.1 -60 150 1075.9 

HDS-533 526092 3480386 1627.3 -65 120 1257.6 

HDS-535 526026 3479462 1678.1 -60 190 1419.8 

HDS-536 527211 3480625 1567.4 -60 0 1206.1 

HDS-538 525878 3480741 1603.3 -70 130 1526.1 

HDS-540 526101 3480387 1627.3 -70 220 1528.9 

HDS-542 527211 3480624 1567.1 -70 0 1574.0 

HDS-545 525960 3479775 1665.7 -60 335 1427.1 

HDS-549 525585 3480738 1604.4 -78 200 1813.0 

HDS-551 525963 3479774 1665.5 -75 270 1542.6 

HDS-552 525806 3480620 1592.9 -70 165 1851.4 

HDS-553 526860 3480624 1560.5 -75 220 1524.0 

HDS-554 526992 3480642 1550.9 -65 35 1314.9 

HDS-557 525963 3479776 1665.5 -60 300 1199.1 

HDS-569 526861 3480630 1560.3 -62 205 900.1 

HDS-571 526868 3480782 1543.4 -66 45 961.0 

HDS-598 527348 3480633 1606.7 -75 333 1287.9 

HDS-605 526678 3480806 1575.7 -66 185 1468.4 

HDS-627 525814 3481856 1502.2 -60 20 1891.9 

HDS-661 525782 3480619 1593.6 -72 179 1981.2 

HDS-662 525782 3480619 1593.6 -76 190 1985.2 

HDS-663 525592 3480733 1603.6 -70 175 1980.6 

HDS-668 525817 3481856 1502.4 -60 20 1905.0 

HDS-691 525592 3480734 1603.9 -68 180 2079.0 
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Hole ID East (UTM) North (UTM) Elevation (m) Dip Azimuth TD Depth (m) 

HDS-711 526863 3480628 1560.2 -55 218 776.3 

HDS-714 527351 3480641 1606.2 -52 73 1184.8 

HDS-715 527404 3480509 1607.7 -65 75 817.2 

HDS-717 525592 3480735 1603.9 -70 175 1782.5 

HDS-763 525971 3479591 1629.9 -78 15 1943.4 

HDS-797 526361 3481170 1560.0 -55 108 551.1 

 
Table 2: Significant intersections 

Hole ID 
From 

(m) 

To 

(m) 
Cut off 

Width 

(m) 

Zinc 

(%) 

Lead 

(%) 

Silver 

(ppm) 

Copper 

(%) 

HDS-345 No significant intersection 

HDS-353 

966.2 976.0 2% ZnEq 9.8 12.2 8.2 77 0.69 

Including 

966.2 971.4 2% ZnEq 5.2 22.0 14.8 130 1.21 

HDS-372 
312.4 318.5 2% ZnEq 6.1 1.9 0.7 31 0.03 

458.1 463.6 2% ZnEq 5.5 4.8 2.1 90 0.04

HDS-380 
878.1 880.4 2% ZnEq 2.3 2.6 1.8 362 0.33 

898.7 906.3 2% ZnEq 7.6 1.0 1.9 142 0.23 

HDS-395 448.7 454.3 2% ZnEq 5.6 3.3 3.7 55 0.08 

HDS-420 452.5 465.3 2% ZnEq 12.8 2.5 1.1 73 0.11 

HDS-428 
266.4 269.3 2% ZnEq 2.9 3.6 1.2 108 0.01 

1507.7 1516.5 2% ZnEq 8.8 1.5 1.8 77 0.19 

HDS-443 No significant intersection 

HDS-444 

691.0 716.6 2% ZnEq 25.6 1.4 0.7 15 0.04 

Including 

709.3 716.6 2% ZnEq 7.3 3.1 1.2 22 0.04 

790.0 793.1 2% ZnEq 3.1 2.5 1.2 273 0.00 

803.1 809.5 2% ZnEq 6.4 1.5 2.1 69 0.18 

HDS-451 

351.1 363.3 2% ZnEq 12.2 1.4 0.5 13 0.00 

Including 

357.8 363.3 2% ZnEq 5.5 1.9 0.8 17 0.01 

HDS-462 428.9 432.2 2% ZnEq 3.4 0.9 1.3 48 0.06 

HDS-465 322.6 335.6 2% ZnEq 13.0 1.0 0.4 71 0.09 

HDS-486 

118.0 131.7 2% ZnEq 13.7 0.1 0.9 64 0.04 

155.4 189.6 2% ZnEq 34.1 0.1 0.6 86 0.09 

Including 

169.8 189.6 2% ZnEq 19.8 0.1 1.0 101 0.15 

249.8 290.9 2% ZnEq 41.1 1.1 1.9 57 0.09 

HDS-490 

191.1 197.2 2% ZnEq 6.1 0.1 0.4 77 0.08 

364.8 401.4 2% ZnEq 36.6 0.1 1.1 69 0.04 

Including 

379.5 399.9 2% ZnEq 20.4 0.1 1.6 97 0.05

442.6 450.2 2% ZnEq 7.6 5.4 0.0 4 0.00 

HDS-491 

381.9 400.8 2% ZnEq 18.9 13.1 8.3 137 0.39 

Including 

387.1 399.1 2% ZnEq 12.0 17.3 11.5 171 0.42 

HDS-509 846.4 851.0 2% ZnEq 4.6 1.4 0.7 21 0.10 

HDS-519 
389.2 393.8 2% ZnEq 4.6 0.3 0.3 688 0.33 

731.5 736.1 2% ZnEq 4.6 3.1 1.6 32 0.10 
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Hole ID 
From 

(m) 

To 

(m) 
Cut off 

Width 

(m) 

Zinc 

(%) 

Lead 

(%) 

Silver 

(ppm) 

Copper 

(%) 

HDS-520 

684.9 689.3 2% ZnEq 4.4 2.7 1.6 39 0.37 

694.9 704.4 2% ZnEq 9.4 1.7 1.7 25 0.08 

1049.0 1053.7 2% ZnEq 4.7 1.5 1.7 37 0.37 

HDS-524 No significant intersection 

HDS-526 
46.3 52.7 2% ZnEq 6.4 0.0 0.1 100 0.01 

61.3 84.4 2% ZnEq 23.2 0.0 0.3 113 0.03 

HDS-527 191.1 200.3 2% ZnEq 9.1 1.2 0.9 23 0.00 

HDS-528 No significant intersection 

HDS-530 

840.3 846.4 0.2% Cu 6.1 0.1 0.0 13 0.59 

904.3 910.4 0.2% Cu 6.1 0.3 0.1 14 0.39 

1407.6 1419.1 2% ZnEq 11.6 1.8 1.1 68 0.24 

HDS-532 76.5 83.8 2% ZnEq 7.3 1.3 0.8 193 0.15

HDS-533 No significant intersection 

HDS-535 No significant intersection 

HDS-536 No significant intersection 

HDS-538 1445.4 1451.9 2% ZnEq 6.6 0.1 1.2 74 0.03 

HDS-540 

1279.2 1389.0 0.2% Cu 109.7 0.1 0.3 15 0.62 

Including 

1303.6 1309.7 0.2% Cu 6.1 0.2 0.4 61 3.48 

1469.7 1488.0 0.2% Cu 18.3 0.0 0.0 10 0.63 

HDS-542 
128.6 133.2 2% ZnEq 4.6 0.0 0.5 80 0.03 

800.3 809.9 2% ZnEq 9.6 0.8 0.8 30 0.00 

HDS-545 No significant intersection 

HDS-549 1169.5 1175.6 0.2% Cu 6.1 1.5 1.6 312 1.92 

HDS-551 

1100.6 1111.6 0.2% Cu 11.0 0.0 0.2 10 0.39 

1254.9 1280.8 0.2% Cu 25.9 0.0 0.0 10 0.54 

1294.5 1372.8 0.2% Cu 78.3 0.0 0.1 10 0.51 

HDS-552 

709.3 714.8 0.2% Cu 5.5 11.2 5.5 64 0.12 

1265.8 1273.9 0.2% Cu 8.1 0.2 0.5 27 0.39 

1308.2 1384.7 0.2% Cu 76.5 0.2 0.4 25 1.52 

Including 

1309.9 1328.6 0.2% Cu 18.8 0.1 0.2 40 2.77 

And 

1364.3 1384.7 0.2% Cu 20.4 0.1 0.3 37 2.44 

Including 

1375.3 1384.7 0.2% Cu 9.5 0.1 0.3 62 4.45 

1478.9 1484.8 0.2% Cu 5.9 1.0 1.5 57 0.41 

HDS-553 

315.8 340.5 2% ZnEq 24.7 3.4 3.3 266 0.32 

Including 

315.8 325.2 2% ZnEq 9.4 3.9 8.5 654 0.81 

332.8 340.5 2% ZnEq 7.6 5.8 0.1 40 0.03 

HDS-554 
181.7 197.8 2% ZnEq 16.2 0.4 5.8 139 0.06 

1138.3 1140.9 2% ZnEq 2.6 3.9 6.4 152 0.03 

HDS-557 No significant intersection 

HDS-569 142.3 147.2 2% ZnEq 4.9 3.6 2.4 61 0.03 

HDS-571 

134.4 166.4 2% ZnEq 32.0 0.7 0.8 94 0.12 

691.6 698.9 2% ZnEq 7.3 4.7 3.4 56 0.14 

743.3 750.7 2% ZnEq 7.5 7.6 18.5 296 0.11 

HDS-598 No significant intersection 
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Hole ID 
From 

(m) 

To 

(m) 
Cut off 

Width 

(m) 

Zinc 

(%) 

Lead 

(%) 

Silver 

(ppm) 

Copper 

(%) 

HDS-605 

447.1 452.9 2% ZnEq 5.8 2.6 0.9 116 0.19 

512.2 531.6 2% ZnEq 19.4 0.2 1.2 51 0.08 

842.5 845.8 2% ZnEq 3.4 2.1 2.4 196 0.30 

HDS-627 349.9 354.5 2% ZnEq 4.6 15.2 14.9 459 0.21 

HDS-661 

1298.4 1305.2 2% ZnEq 6.7 0.6 3.4 249 0.89 

1322.2 1374.6 0.2% Cu 52.4 0.1 1.1 105 1.73 

Including 

1322.2 1346.0 0.2% Cu 23.8 0.1 0.8 81 3.32 

And 

1322.2 1330.1 0.2% Cu 7.9 0.1 0.4 81 7.89 

1386.8 1460.6 0.2% Cu 73.8 0.5 0.7 67 1.06 

Including

1399.6 1410.3 0.2% Cu 10.7 0.7 1.5 227 2.84 

1555.1 1573.1 0.2% Cu 18.0 3.2 1.4 87 0.37 

HDS-662 
1316.4 1329.2 0.2% Cu 12.8 3.4 4.4 137 0.95 

1540.8 1546.7 2% ZnEq 5.9 5.9 2.1 250 0.45 

HDS-663 
1580.1 1591.8 0.2% Cu 11.7 0.1 0.0 16 0.95 

1615.9 1651.1 0.2% Cu 35.2 1.1 0.1 27 0.56 

HDS-668 

201.2 211.8 2% ZnEq 10.7 5.5 3.9 270 0.13 

221.0 233.2 2% ZnEq 12.2 5.7 3.9 129 0.03 

699.5 713.2 2% ZnEq 13.7 1.3 4.2 134 0.06 

HDS-691 

1343.6 1353.6 2% ZnEq 10.1 3.8 3.5 61 0.47 

1384.7 1395.4 0.2% Cu 10.7 2.7 2.9 38 1.03 

1405.9 1415.2 0.2% Cu 9.3 0.5 0.7 11 0.26 

1421.3 1452.1 0.2% Cu 30.8 0.7 0.8 22 0.59 

1463.6 1509.7 0.2% Cu 46.0 0.4 0.5 21 0.43 

1540.6 1549.3 0.2% Cu 8.7 0.3 0.9 51 0.61 

1563.9 1581.3 0.2% Cu 17.4 0.2 0.2 23 0.55 

1662.7 1677.9 0.2% Cu 15.2 2.8 1.1 155 1.19 

1683.4 1692.6 2% ZnEq 9.1 1.5 0.3 45 0.13 

1732.0 1735.2 2% ZnEq 3.2 6.2 0.3 107 0.18 

1994.6 1997.4 2% ZnEq 2.7 1.7 0.3 54 0.08 

HDS-711 150.6 153.9 2% ZnEq 3.4 1.9 1.0 244 0.34 

HDS-714 

372.5 377.0 2% ZnEq 4.6 0.0 1.1 87 0.04 

410.6 415.1 2% ZnEq 4.6 0.0 1.2 65 0.02 

627.9 632.5 2% ZnEq 4.6 2.1 3.6 111 0.06 

682.8 688.8 2% ZnEq 6.1 3.0 3.9 109 0.09 

HDS-715 

119.5 127.4 2% ZnEq 7.9 0.0 1.7 53 0.05 

167.3 196.0 2% ZnEq 28.7 3.7 0.5 176 0.23 

Including 

172.8 180.8 2% ZnEq 8.0 7.1 1.2 218 0.71 

300.1 342.3 2% ZnEq 42.2 2.1 1.8 94 0.09 

Including 

333.3 342.3 2% ZnEq 9.0 6.8 0.7 42 0.08 

563.9 575.3 2% ZnEq 11.4 3.7 3.6 188 0.16 

Including 

565.4 571.5 2% ZnEq 6.1 4.5 5.4 290 0.19 

591.3 598.9 2% ZnEq 7.6 4.7 2.1 92 0.14 

780.3 787.9 2% ZnEq 7.6 0.2 0.1 96 0.01 
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Hole ID 
From 

(m) 

To 

(m) 
Cut off 

Width 

(m) 

Zinc 

(%) 

Lead 

(%) 

Silver 

(ppm) 

Copper 

(%) 

HDS-717 

1065.3 1072.4 0.2% Cu 7.2 3.5 2.7 22 0.21 

1306.1 1318.3 0.2% Cu 12.2 1.8 1.8 63 0.82 

1444.1 1466.7 0.2% Cu 22.6 1.7 1.7 46 1.38 

Including 

1456.6 1466.7 0.2% Cu 10.1 0.5 1.0 78 2.57 

1517.9 1522.2 2% ZnEq 4.3 3.0 1.8 49 0.03 

1718.6 1727.0 0.2% Cu 8.4 1.0 0.1 39 1.99 

1754.1 1763.3 2% ZnEq 9.1 1.4 0.5 42 0.13 

HDS-763 1429.8 1439.6 2% ZnEq 9.8 2.3 0.1 3 0.02 

HDS-797 No significant intersection 
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Annexure 2: Material Assumptions for the Production Target and Forecast Financial Information 

Criteria  Commentary 

Mineral Resource 
estimate for 
conversion to Ore 
Reserves  

 The Production Target is based on 20% Measured, 62% Indicated, 14% Inferred Mineral 

Resources and 4% Exploration Target. The Mineral Resources were declared as part of 

South32’s Annual declaration of resources and reserves in the Annual Report published 

on 3 September 2021 and is available to view on www.south32.net. The details of the 

Exploration Target are included in this announcement (Annexure 1).   

Study status  A pre-feasibility study has been completed for the Taylor Deposit in compliance with the 

AACE International Class 4 estimate standard. 

 A technically achievable and economically viable mine plan has been determined by the 

study team.  Material Modifying Factors have been considered and are included in this 

section of the report.  

Cut-off 
parameters  

 Taylor is a polymetallic deposit which uses an equivalent NSR value as a grade descriptor. 

NSR considers the remaining gross value of the in-situ revenue generating elements once 

processing recoveries, royalties, concentrate transport, refining costs and other 

deductions have been considered. 

 The elements of economic interest used for cut-off determination include silver (Ag), lead 

(Pb) and zinc (Zn). 

 The cut-off strategy employed at Taylor is to optimise the NPV of the operation. 

 An NSR cut-off grade of US$90/tonne was used in the development of mineable stope 

shapes. 

Mining factors or 
assumptions  

 The mining method applied is longhole open stoping with paste backfill.  This is the 

preferred mining method based on a combination of productivity, cost, resource recovery 

and risk of surface subsidence.   

 Geotechnical recommendations based on deposit geology have been used to develop 

the stope shape dimensions.   

 The mining dilution is applied based on rock dilution or fill dilution dependent on the 

location of the stope being mined.  Dilution factors are applied on a stope by stope basis 

using incremental dilution widths applied to the stope geometry. 

 The mining recovery factor is 95% and is applied to all ore tonnes. 

 Inferred Mineral Resources are incorporated into the stope designs and contribute to the 

overall weighted grades and NSR of the stope. Inferred Mineral Resources contribute 

approximately 14% and the Exploration Target contributes 4% of the total planned tonnes. 

A risk assessment was completed considering Inferred Mineral Resources and the 

Exploration Target as waste to ensure that the Production Target and forecast financial 

information as stated can be achieved. Accordingly, the Company believes it has a 

reasonable basis for reporting a Production Target including those Inferred Mineral 

Resources and the Exploration Target.  

 Primary access to the orebody will be through a main shaft and a ventilation shaft. Ore 

passes, haulage levels and ventilation raises will be established to move material 

internally within the mine and provide ventilation and cooling.  Paste backfill will be 

produced in a surface backfill plant and distributed underground via a backfill reticulation 

system. 

 The proposed mining method with modifying factors applied supports a single-stage 

ramp-up to the preferred development scenario of up to 4.3Mt per annum. 

Metallurgical 
factors or 
assumptions  

 The Taylor processing plant will consist of well-established processing techniques.  

Primary crushing will be conducted underground, and crushed ore will be hoisted to the 

surface. Grinding will be conducted by a single-stage AG mill to a size suitable for 

flotation. Sequential flotation will be followed by pressure filtration for concentrates and 

tailings. 

 Metallurgical recovery is found to vary by geological domain and recovery ranges are 

applied based on geologic formation. Average process recoveries are: 90% for zinc in zinc 

concentrate; 91% for lead in lead concentrate and 81% for silver in lead concentrate. 

 Lead is found to occur primarily as galena and zinc is found to occur primarily as 

sphalerite with small amounts of non-sulphide zinc occurring in the geological domains 

close to surface.  Galena and sphalerite are coarse grained and easily liberated for 

effective recovery by sequential flotation.
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Criteria  Commentary 

Manganese occurs in relatively high concentrations in gangue and can occur as an

inclusion of sphalerite especially in the higher geological domains. This can cause 

manganese in zinc concentrate to exceed penalty limits for most smelters.  No other 

deleterious elements are expected to exceed penalty limits for lead or zinc concentrates. 

 Metallurgical test work has been conducted using samples covering the ore body 

vertically and horizontally.  All metallurgical test work and the process design have been 

reviewed by independent consultants. 

Environmental 
factors or 
assumptions  

 The project consists of patented claims surrounded by the Coronado National Forest and 

unpatented claims located within the surrounding Coronado National Forest and 

managed by the United Sates Forest Service. 

 A permitting schedule has been developed for obtaining critical state and federal 

approvals. 

 Waste rock generated from surface and underground excavations is delineated into 

potentially acid generating (PAG) or non-acid generating (NAG) rock.  All PAG material will 

report to a lined facility as will most of the NAG material, except for a limited amount that 

will be used for construction material. 

 The tailings storage facilities have been designed in accordance with South32’s Dam 

Management Standard and consistent with the International Council on Mining and 

Metals (ICMM) Tailings Governance Framework, in addition to the Australian National 

Committee on Large Dams (ANCOLD) guidelines. 

 Tailings from processing will be filtered and stored in purpose-built, lined, surface storage 

facilities or returned underground in the form of paste backfill. An existing tailings storage 

facility on patented claims will be used to store tailings from early operations. 

Infrastructure   Current site activity is supported by and consists of office buildings, core processing 

facilities, an existing tailings storage facility as part of the voluntary remediation program, 

a water treatment plant, ponds, road networks and laydown yards. 

 Planned infrastructure will be installed to support future operations and will consist of: 

o Dual shafts 

o Ventilation and refrigeration systems 

o Process comminution, flotation and concentrate loadout 

o Tailings filtration plant and tailings storage facilities 

o Paste backfill plant 

o Dewatering wells, another water treatment plant and pipelines 

o Surface shops, fuel bays, wash bays and office buildings 

o Powerlines and substations 

o Surface stockpile bins 

o Underground maintenance shops and ore/waste storage 

 A site layout plan and construction schedule support the above listed infrastructure. 

Costs   The capital cost estimate is supported by sufficient engineering scope and definition for 

preparation of a AACE International Class 4 estimate. 

 The operating cost estimate was developed in accordance with industry standards and 

South32 project requirements.    

o Mining costs were calculated primarily from first principles and substantiated by 

detailed labour rate calculations, vendor-provided equipment operating costs and 

budgetary quotations for materials and consumables.

o Processing costs account for plant consumables/reagents, labour, power and 

maintenance materials and tailings storage facility costs.   

o General and administrative costs are based on current operating structures and 

optimised based on industry benchmarks and fit-for-purpose sizing.  Permitting and 

environmental estimates are based on current permitting timelines. 

 Commodity price forecasts for silver, lead and zinc and foreign exchange are supplied by 

South32 Marketing.  Price assumptions reflect South32’s view on demand, supply, volume 

forecasts and competitor analysis. Price protocols will not be detailed as the information 

is commercially sensitive. 

 Transportation charges have been estimated using information on trucking costs, rail 

costs, export locations, transload capabilities and transit time associated with moving 

concentrate from site to port to market. 
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Criteria  Commentary 

Treatment and Refining Charges used for the valuation are supplied by South32

Marketing and reflect South32’s view on demand, supply, volume forecasts and 

competitor analysis. 

 Applicable royalties and property fees have been applied using on the current US federal 

and state rates. 

Revenue factors   The life of operation plan derived from the pre-feasibility study provides the mining and 

processing physicals such as volume, tonnes and grades to support the valuation. 

Revenue is calculated by applying forecast metal prices and foreign exchange rates to

the scheduled payable metal. Metal payabilities are based on contracted payability terms, 

typical for the lead and zinc concentrate markets. 

Market 
assessment  

 Internal price protocols reflect South32’s view on demand, supply, and stock situations 

including customer analysis, competitor analysis and identification of major market 

windows and volume forecasts. 

Economic   Economic inputs are described in the cost, revenue and metallurgical factors 

commentary. 

 Sensitivity analyses have been completed on metal prices, metallurgical recoveries, mine 

operating costs, growth capital costs and use of Inferred Mineral Resources and the 

Exploration Target to understand the value drivers and impact on the valuation. 

 The pre-feasibility study evaluated alternate cases to assess the impact of longer than 

expected permitting timelines and associated capital spend profiles.  

Social  South32 maintains relationships with stakeholders in its host communities through 

structured and meaningful engagement activities including: community forums, industry 

involvement, employee participation, local procurement and local employment. 

 A Community Management Plan has been developed in accordance with the South32 

Community Standard and includes baseline studies, community surveys, risk 

assessments, stakeholder identification, engagement plans, cultural heritage, community 

investment plans, closure and rehabilitation.  

Other   Hermosa has developed a comprehensive risk register and risk management system to 

address foreseeable risks that could impact the project and future operations. 

 No material naturally occurring risks have been identified and the project is not subject 

to any material legal agreements or marketing arrangements.  

  

 


